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Yield-Stress/Strain Curves 
and Values of Mean Yield Stress 


of Some Commonly Rolled Materials 


By R. B. Sims, B.Sc., A.M.I.Mech.E., A.Inst.P. 


Introduction 


ETHODS for calculating the load and torque applied 
M to the rolls of a cold-reduction mill may be 
either based empirically upon the results of 
experiments or obtained from theoretically derived 
equations. There is little doubt that the latter 
methods are the more reliable over the wide range of 
rolling conditions possible in production, but they 
require for a solution information which is not always 
readily available. Amongst such data is the yield- 
stress/strain curve of the material, and for even the 
commonest of rolled products there are few published 
experimental results which can be readily used in the 
mill. 

The yield stresses in plane compression for a num- 
ber of materials have been measured during the course 
of cold-rolling research, and the information is col- 
lected together in this paper in the hope that it will 
be of use to engineers in both design and production. 
The experimental method is described and an indica- 
tion given of its accuracy. Mean yield stresses have 
been derived from the experimental results, and are 
for use in calculating load and torque when rolling 
annealed materials. Measurements have been made 
of the specific roll force and torque when rolling a 
number of the materials in the 10 in. x 10 in. 2-high 
experimental mill at Sheffield University, and these 
are compared with calculation as a further guide to 
the reliability of both the yield-stress data and the 
method of computation. 

It must be emphasized that the yield-stress data 
presented here have been obtained by direct measure- 
ment on a single batch of material, except for the 


AUGUST, 1954 


SYNOPSIS 


The yield stress in plane compression has been measured for a 
number of commonly rolled materials, and the results are presented, 
together with values of the mean yield stress, in the hope that they 
will be of value for calculating roll loads and power in production 
rolling mills. 

The experimental method is described briefly and an indication 
is given of its accuracy by a comparison with the tensile test, and, 
for a few materials, between measured rolling loads and correspond- 
ing values calculated from the mean yield stresses. 904 


low-carbon steels and copper, where several batches 
have been sampled over the past four years. It is 
well known that variation in mechanical properties is 
common between specimens of the same chemical 
composition; hence the yield stresses given here, and 
the information calculated from them, can only be 
taken as a guide to values to be expected in the mill. 
On the other hand it is unlikely that the yield-stress 
strain curve will be available for each coil before it is 
rolled, and the accuracy given by a representative 
yield stress should be adequate for all normal indus- 
trial purposes. 


EXPERIMENTAL METHOD 


It is not easy to obtain a reliable measurement 
of the yield stress in plane compression. The method 





Paper MW/A/12/53 of the Rolling Committee of the 
British Iron and Steel Research Association, first received 
28th October, 1953, and in its final form on 4th March, 
1954. The views expressed are the author’s, and are not 
necessarily endorsed by the Committee as a body. 

Mr. Sims is Research Manager of the Davy and United 
Engineering Co., Ltd., Sheffield. 
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Fig. 1—Indentation test shown diagrammatically 


used in the present experimental work was suggested 
by Nadai! and Orowan and first used by Ford.? 
Specimens about 8 in. long, in which the width was 
about eight times greater than the thickness, were cut 
from a coil of the strip. These were indented trans- 
versely between two rigid anvils with plane parallel 
surfaces longer than the specimen was wide, and of 
width approximately equal to the strip thickness. 
Figure | illustrates the test diagrammatically, and in 
Fig. 2 are photographs of the equipment used, which 
consisted of an ordinary die-set upon which were 
mounted two accurately located, hardened steel plates 






Fig. 2—Indentation apparatus 
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carrying the anvils. The anvils were of tungsten 
carbide with the working surfaces lapped plane 
parallel and mirror-finished. Sets of anvils 20 mm, 
x 2mm., 30 mm. x 3 mm., and 40 mm. x 4 mm. 
were available in order to match in width, approxi- 
mately, with the normal thicknesses of the material 
under test. The specimen was polished before testing 
and lubricated with calcium oleate. For materials 
such as stainless steel, which age-harden appreciably, 
tests on rolled strip were carried out immediately 
after the pass. 

The test is based on the assumption that the un- 
stressed material on either side of the anvils will 
inhibit lateral plastic strain during the compression so 
that deformation takes place effectively only in the 
plane normal to the surface of the specimen and the 
longitudinal direction. The relationship between 
plane yield stress and the average pressure exerted by 
smooth anvils on the material at the onset of yielding 
has been examined theoretically by Hill® for cases 
where the strip is equal to or thicker than the width 
of the anvils (7.e., h/d >. 1, where h is the strip thick- 
ness and d is the anvil width) and Green‘ has com- 
pleted the investigation for cases where h/d <1. it 
was concluded that where h/d > 1 the average pres- 
sure exceeded the yield stress, and in the limit the 
ratio between them would be 1 + 2/2. When h/d- 
1/n (n being any positive integer), the average pressure 
equalled the yield stress, but with values of n between 
1 and 2, it would exceed the yield stress by a maximum 
of about 4%. These theoretical results were verified 
experimentally by Watts and Ford® using apparatus 
similar in principle to that shown in Fig. 1. From 
their work it may be concluded that the indentation 
test is a reliable measure of the initial yield stress in 
non-strain-hardening materials. 

When the plastic deformation is continued beyond 
the initial yielding, in materials which strain-harden, 
the slipline field differs from the model developed by 
Hill and Green to an unknown extent. In the 
absence of a definite theory, the only practical me- 
thods of determining the accuracy of the test at large 
reductions in thickness are : (i) to compare the results 
with tensile tests, and (ii) to calculate roll force and 
torque using one of the tested theories of rolling and 
compare with experimental values for systematic 
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Specimens were cut from a coil of material after 
reductions of about 10%, 30%, 50%, and 70% in 
thickness had been taken on it in the experimental 
mill, care being taken to arrange the drafting so that 
the residual stresses in the material were negligible.® 
It was assumed that these specimens had then been 
deformed in plane compression. Tensile tests were 
also made on specimens taken from the material in 
the direction of rolling after each reduction. The 
tensile and indentation tests were compared in the 
following way. 

It has been shown that to a close approximation, 
the yield stress of a material depends upon the plastic 
work put into it per unit volume, and this may be 
written for the mechanical tests described above as 


Ww -| kde 


0 


where k is the current yield stress and ¢ is the natural 
strain. When equal work has been done on both 
indentation and tensile tests on specimens from the 
same piece of strip, then 


e” a? 
| kde” = | k’de’ 
i) 0 


plane compression uniaxial tension 
If the material yields according to the von Mises 
criterion, then k” = (2/4/3)k’ ; hence for equivalence 
of integrals, ¢,” = (4/3/2)e’.. It should be possible, 
therefore, to obtain the yield-stress/strain curve from 
a tensile test by multiplying the observed true stress 
at any point by the factor 2/4/3 and the corresponding 
tensile strain by the factor +/3/2, which should then be 
added to the plane deformation imparted to the strip 
by rolling. 

In the experimental work below, the tensile-test 
results were first measured in terms of true stress 











Table I 
MEASURED AND CALCULATED ROLLING LOADS 
Specific Roll Load, 
Initial 
Material Thickness, ae Pass, saeanens 
i Measured |Calculated 

18/8 stainless 0-143 11-1 21-0 18.9 
steel annealed 14.3 25-1 23-8 
19.2 31-2 30-0 

28-0 40.4 40.4 

38.2 51.3 52.2 

50-5 68.4 70-2 

0-18 % Si steel 0-127 9.0 16-3 15-8 
annealed 19-8 30-1 27-6 
28-5 38-1 34-5 

50-3 54-3 48.7 

1-3% C steel 0-095 8-4 17-1 17-1 
annealed 18-0 26-5 27-2 
0.53% C steel 0-064 11-3 12-4 10-8 
annealed 18-4 17-5 16-7 
28-4 22-2 23-2 

35-3 24-7 24-7 























against natural strain (= In(//I)), where / is the current 
length of a reference initially J, in length). They 
were transformed to plane compression by the method 
described above, assuming the von Mises criterion of 
yielding to be applicable, and are presented in terms 
of stress against reduction in strip thickness r, where 
r = (H—h)/H, and H and b are initial and final strip 
thicknesses, respectively. 


EXPERIMENTS ON MILD STEEL AND COPPER 


Effect of Anvil Size 

Specimens cut from two cold-rolled and annealed 
coils, one of high-conductivity copper 0-060 in. thick, 
the other of mild steel 0-10 in. thick, were compressed 
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Fig. 4—Yield stress in plane compression (a) determined by tensile test, (6) comparison of tensile and 
indentation tests 
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between the 2-mm. and 4-mm. wide anvils. Two sets 
of measurements were made with the 4-mm. wide 
anvils. In one set the reduction in thickness was 
made in one indentation from the annealed state, so 
that in determining the yield-stress/strain curve the 
specimen was deformed to various reductions along 
its length. In the other set only one impression was 
made in the specimen, and the strip was compressed 
there successively up to the maximum reduction. 
Lubricant was applied before each indentation in the 
latter set of experiments. The results are shown in 
Fig. 3. All results are grouped closely about a single 
curve up to a reduction of about 40%, and above 
that reduction the values obtained from the separate 
indentations with the 4-mm. anvils lie above the 
corresponding results with 2-mm. anvils. The mea- 
surements obtained with the superimposed impres- 
sions, using the 4-mm. anvils, agree closely with the 
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results for copper using 2-mm. anvils, and with the 
separate indentations with 4-mm. anvils in the case 
of steel. This apparent increase in yield stress when 
using the 4-mm. anvils is probably due to friction 
between the anvils and the specimen. 


Comparison with Tensile Tests 


An indentation test was carried out on a specimen 
of annealed high-conductivity copper strip 0-10 in, 
thick taken from a different batch of material from 
that used above, and tensile tests were also made on 
the strip. The results are shown in Figs. 4a and b. 
In Fig. 4a the tensile results have been converted to 
plane strain using the method described above, and 
the mean curve of the results expressed in terms of 
reduction in thickness is plotted in Fig. 4b with the 
compression results. For the indentation test, tools 
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3 mm. and 2 mm. wide were used and a mean curve 
was drawn. 

At the lower reductions the tensile test is below the 
compression test, the maximum error being at about 
20% reduction. This result, which applies generally, 
may be due either to the fact that the yield stress is 
less than the mean pressure between the anvils and 
the material, or because the material does not yield 
according to the von Mises criterion, in which case 
the method of converting the tensile results to plane 
compression is in error. It is of interest to note that 
the maximum error occurs near the ratio anvil-width/ 
strip-thickness at which Green predicts an overestima- 
tion of the yield stress of the order observed. 

Without additional experimental evidence, it is not 
possible to decide the cause of the discrepancy, which, 
although consistent throughout the work, is not great. 
It seems reasonable to conclude, therefore, that the 
indentation test is capable of giving a value of the 
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yield-stress/strain curve with sufficient accuracy for 
most purposes in industry. 
Comparison with Rolling Theory 

The yield-stress/strain curve for mild steel obtained 
by combined indentation and tensile tests has been 
used to calculate rolling loads and torques, which 
were then compared with corresponding values mea- 
sured experimentally. The work, which is described 
in a companion paper,’ shows close agreement over a 
large number of experiments covering a wide range 
of experimental conditions. Although this is not 
conclusive proof of the accuracy of the yield-stress 
measurement it may be said that such consistency 
would have been impossible had the measured yield 
stress differed appreciably from the actual value. 

SELECTION OF THE YIELD-STRESS/STRAIN 

CURVE FOR A MATERIAL 

The curves of yield stress in plane compression 

derived from both indentation and tensile method 
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Fig. 6—Yield stress in plane compression for various steels 
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Fig. 7—Yield stress in plane compression: (a) 
aluminium 26 S.O. (Cu, 4.25%; Si, 0.75%; 
Mn, 0-75%; Mg, 0-5%); (6) aluminium M57 
S.O. (Mn, 0-25%; Mg, 2-0%); (c) aluminium 
3 S.O. (Mn, 1.25%) 
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Fig. 8—Yield stress in plane compression: (a) 70/30 brass; (6) Monel metal; 
mercially pure nickel; (e) ‘ Nimonic 80’ (approx. Ni, 80%; Cr, 20%; 
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(c) nickel silver; (d) com- 
Ti, Al, Fe, Co present) 
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are given in this paper. Where the two methods do 
not differ by more than +10% the mean yield stresses, 
discussed in detail below, have been calculated from 
the results of the indentation test. This choice was 
made arbitrarily since there was no simple method of 
determining which set of results was the more accurate. 

The discrepancy between the two methods is con- 
siderable, however, for steels where the carbon con- 
tent exceeds about 0-8% and for certain highly 
alloyed steels such as the 2-3% silicon steels and the 
18/8 stainless steels. It will be noticed that all these 
materials have a complex structure either in the 
annealed state and/or in the slipline bands after 
plastic deformation. It is possible, therefore, that 
the indentation tests as a measure of the homogeneous 
plane yield stress is invalid in these cases, or that the 
yield stress measured in tension cannot be made 
equivalent to that in compression. 

To determine which of the testing methods is 
applicable to cold-rolling, strips of these materials 
were deformed in the 10 in. x 10 in. 2-high experi- 
mental mill, and measurements were made of the 
rolling loads which were then calculated. Thick strip 
was used in these tests so that possible inaccuracy in 
the rolling theory would be reduced to a minimum. 
The specimens were rolled at a speed of 10 ft./min. 
with a copious supply of lubricant. In the calcula- 
tions a coefficient of friction of 0-08 was assumed. 
The comparisons are given in Table I. 

The agreement between calculation and experiment 
is reasonable and it is concluded that the indentation 
test is a satisfactory method of measuring the yield 
stress of these materials to the accuracy required for 
calculating rolling loads and torque in production. 
No completely satisfactory explanation has been 
found for the discrepancy between the two tests, but 
it is considered that it is due to some structural 
characteristic in the materials. 


Mean Yield Stress 

It has been shown that in the equations of rolling the 
actual distribution of yield stress of a material in the 
are of contact may be replaced without serious in- 
accuracy by a mean value. This is usually necessary 
only for passes on annealed material, and the experi- 
mental results have been used to calculate kp, the 
mean value for roll force equations, and kg, the mean 
value for torque equations, from the relationships: 


m 1 J . 
kp = =, [ivr] vier} 


kg = a) kde 
0 


where r is the total reduction in the pass, e and k are 
the reduction and yield stress, respectively, at any 


point in the are of contact with k, and k,, the yield 
stresses in plane compression before and after the pass. 
The yield-stress/strain curves measured by the inden- 
tation test have been used in these calculations which 
have been described in detail in the companion paper.’ 
They are presented together with the yield stresses 
measured by the indentation and tensile methods in 
Figs. 5-8. 
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APPENDIX 


Index of Materials Tested 


The materials for which the yield stress has been 
determined are given below. The analysis of each 
specimen used is entered on the graph of yield stress 
against reduction. 


oF @ by 


1 & 


Material Figure 
Ferrous 
0:08 % C rimming steel 5a 
0°20% C steel 5b 
0°35% C steel 5e 
0°50% C steel 5d 
0°65 % C steel 5e 
0°80% C steel 6a 
1°3% C steel 6b 
1°8% Si steel 6c 
2°7% Si steel 6d 
17% Cr iron 6e 
18/8 stainless steel 6f 
Non-Ferrous 

Aluminium 26 8.0. 7a 
M57 S.O. 7b 

3 S.0. Te 

70/30 brass 8a 
Monel metal 8b 
Nickel silver Se 
Commercially pure nickel 8d 
Nimonic 80 8e 
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A Solution Method 
of Spectrographice Analysis 


By S. Muir and A. D, Ambrose, B.Sc. 


HE simplest method of spectrographic analysis is 

that in which the sample is excited in its original 

state. There are, however, many cases where this 
is impossible. For example, it is difficult to excite 
reproducibly a powder sample and, if standards are 
not obtainable, it is often impossible to prepare these 
synthetically so that during excitation they will 
behave similarly to the samples. Also, samples of 
metal are often received in the form of grindings or 
turnings, in which case normal methods of spectro- 
graphic analysis cannot be applied. This is also the 
case with heterogeneous specimens, where direct 
excitation does not give an analysis representative of 
the whole. A general technique which would permit 
the analysis of these and other difficult samples would 
therefore be of considerable value to the analyst, and 
it was for this purpose that the investigation described 
in this paper was undertaken. 


EXPERIMENTAL DETAILS 


Normally, the greatest problem in spectrographic 
analysis is the preparation of standards which will 
behave in exactly the same way as the samples during 
excitation,! particularly in the case of minerals, slags, 
ores, etc., where the constituents may be present as 
complex compounds which are exceedingly difficult 
to synthesize. Some form of pretreatment is necessary 
to bring such compounds into a state that can be 
reproduced easily in the standards. The most popular 
methods are fusion of the sample, solution of the 
sample, or fusion followed by solution of the fused 
mass. 

The fusion techniques include those of Irish? and 
of Sykes and Manterfield,* who fuse their samples and 
coat the ends of graphite rods with the fused material. 
Price,* however, prefers to mix the melt with graphite 
and prepare a pellet of the mixture for analysis. 
Hartleif and Kornfeld’ and Perry, Weddell, and 
Wright® extract the melt and excite the resulting 
solutions. One difficulty common to all these methods 
is the large amount of salt necessary for the fusion. 
This may introduce impurity or ‘blank’ into the 
sample and serious errors may result, especially when 
low percentages are being determined. Organ and 
Parsons’? and Milbourn and Hartley® take the sample 
directly into solution and evaporate to a powder; this 
prolongs the analysis and introduces the further 
difficulty of exciting the powder. 

The authors have adopted the method of direct 
solution of the sample, followed by fusion of any 
insoluble residue with a minimum of fusing agent and 
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SYNOPSIS 

A method of spectrographic analysis is described which consists 
of solution of the sample and impregnation of this solution in 
prepared graphite. Excitation is by an uncontrolled A.C. con- 
densed spark. Working details are given for a number of materials, 
and comparisons with chemical analyses are tabulated for low-alloy 
steel, iron ore, blast-furnace slag, Monel metal, bearing metal, 
bronze, and a corrosion product. 898 


the return of this to the main solution; this provides 
a much quicker method of sample preparation and 
permits easy preparation of the standards. The small 
amount of fusing agent used introduces a negligible 
‘blank.’ Stock solutions of the elements may be 
stored and, as the need arises, can be mixed in the 
correct proportions to provide the standards required. 
Thus, the use of solution methods of analysis solves 
the problem of procuring samples which have been 
analysed to a sufficient degree of accuracy for use as 
spectrographic standards. 

The commonest method of presenting solutions for 
excitation is to absorb them in graphite rods. Other 
methods have been described, e.g., the use of filter 
paper as the carrier of the solution,® ! absorption of 
the solution through porous quartz," continuous 
feeding of the solution into a circular rotating graphite 
electrode,!2 etc. These methods are inconvenient if 
large numbers of samples have to be analysed, and 
the more rapid and simpler method of impregnating 
graphite with the solution is to be preferred. 

The pretreatment of the graphite rods before 
impregnation usually consists either of prolonged 
heating to produce maximum porosity or of treatment 
of the graphite with an organic substance, such as 
paraffin wax, to prevent absorption. The latter method 
is similar in principle to that of Fred, Nachtrieb, and 
Tomkins,!* who evaporate a small amount of solution 
on copper electrodes. With condensed-spark excita- 
tion, however, the resulting cake on the surface of the 
graphite or copper is quickly broken and thrown off 
by the force of the spark. On the other hand, heating 
the graphite to produce maximum porosity permits 
the solution to soak well into the electrode so that, 
with an A.C. spark, only a very small amount at the 
top of the electrode is used in the excitation. In a 
previous work!‘ the authors restricted the heating to* 
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Table I 
EFFECT OF VARIATIONS FROM NORMAL PROCEDURE WITH DIFFERENT LINE PAIRS 





Nickel, %, using Line Pairs: 


Chromium, %, using Line Pairs : 




















Variation from Normal Procedure 
Ni I 3101 (4-9)/ | Ni1I3101(4-1)/ | Cr II 2876 (12-5)/ | Cr II 2822 (14-8)/ | Cr II 2822 (14-8) 
Fe 1 3100 (4-9) | Fe II 3135 (15-6) | Fe I 2872 (5-3) Fe I 2823 (5-3) | Fe II 2828 (15-4) 
Nil 2-09 1-94 0.54 0.57 0.54 
No added inductance 2-11 0-78 0-53 0-88 0-53 
0-03 mil. inductance 2-16 3-31 0-57 0-35 0-56 
1 mm. spark gap 2-16 1-77 0.55 0.77 0-67 
smm:. + 2-09 1-72 0-535 0.57 0-525 
2 impregnations of 0-025 ml. 2-05 1-10 0.54 0-87 0.59 
Unheated electrode 2-30 1-85 0-535 0-68 0-56 
Electrode heated 9 min. 2-09 2-24 0-54 0-51 0-57 
Electrode heated 12 min. 2-04 1-82 0.54 0-51 0-53 
Chemical analysis of sample: Ni, 2.08%; Cr, 0.535% 

















Parentheses denote excitation potentials.'*, 


the surface of the electrode by using a short preheating 
time. The solution is thus confined to the top of the 
electrode and most of it is used in the excitation. 
When using a D.C. arc, where much heat is generated, 
this method of restricted absorption gives complete 
excitation of the volatile elements which might other- 
wise, if they were deeply absorbed in the electrode, 
be lost through the sides by volatilization. 

There is no solvent that will dissolve all samples, 
but it is important that the acid chosen should be 
capable of wide application and at the same time have 
a good excitation behaviour. The most convenient 
solvent—that which dissolves most materials—is 
perchloric acid. For the decomposition of carbides, 
etc., the solution can be evaporated to fumes and any 
perchlorates that are precipitated may be rapidly 
redissolved with water. In addition, perchlorates 
excite well, since they are not too volatile and the 
solutions are not too viscous to impregnate graphite. 
Certain substances, however, are insoluble in perchloric 
acid and in these cases it is necessary to use another 
solvent. Where most of the sample is soluble, it is 
often possible to fuse the residue and return it to the 
main solution. 

A 0-5-g. sample is dissolved and made up to a 
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Fig. 1—Graphite electrode. shaped for impregnation 
with sample solution 


AUGUST, 1954 


volume of 10 ml. in most cases. The solution thus 
obtained is excited in the following manner. 

Graphite electrodes, 15 mm. long and 6 mm. dia., 
are shaped at one end to form a cup, as shown in 
Fig. 1. The 1-mm. wall surrounding the cup was 
found to be beneficial because, if the cup was brought 
to a sharp edge, breakages often occurred during the 
shaping. The shaped electrodes are then heated in a 
closed muffle furnace for 5 min. at 900° C. and cooled 
in air. An electrode thus prepared is clamped in the 
excitation stand and is given a preheat by running 
an A.C. condensed spark for 30 sec., using an upper 
electrode of 6-mm. dia. graphite which has the end 
pointed to an 80° cone. A micro-pipette is used to 
place 0-05 ml. of the solution in the cup, and impreg- 
nation is speeded up by a current of warm air. 
Immediately the solution disappears into the graphite, 
the spark is switched on and the exposure is made. 
The conditions of the exposure may be summarized 
as follows: 


Spectrograph Large Littrow quartz (Hil- 
ger E.492) 

Wavelength range 2600-4000 A. 

Slit width 0:015 mm. 

Source-to-slit distance 38 cm. 

Source A.C. condensed spark, 


15,000 V., uncontrolled. 
Capacitance 0°005 »F. 

0°015 mH. 

6-mm. dia. graphite, poin- 
ted to 80° cone 

Lower electrode Cupped 6-mm. dia. graphite 

Pre-burn 30 sec. 

Impregnation of solution 1 or 2 impregnations of 

0°05 ml. 
Exposure 60 sec. 
Photographic plate Kodak B.10 


Added inductance 
Upper electrode 


The choice of line pairs is extremely important in 
solution analysis, since the number of variables in the 
method is too great to permit the degree of standard- 
ization possible with solid samples. If it is not intended 
that a set of standards be photographed on every 
plate, it is imperative that homologous line pairs 
should be used. This is clearly shown in Table I, 
which compares the results of using homologous and 
non-homologous pairs in determinations of nickel and 
chromium. In each case the normal procedure has 


JOURNAL OF THE IRON AND STEEL INSTITUTE 








402 MUIR AND AMBROSE: SOLUTION METHOD OF SPECTROGRAPHIC ANALYSIS 


Table II 


INDEX VALUES OF WORKING CURVES FOR 
SOLUTION AND SOLID EXCITATION (STEEL 
ANALYSIS) 





Index Values, % 





Solution Solid Excitation 


Line Pair Excitation 





0-015 mH. No 0-015 mH. 
Inductance Inductance Inductance 





Mn 2933/Fe 2936 
Ni 3101/Fe 3100 
V 3102/Fe 3100 
Mo 2775/Fe 2770 
Cr 2822/Fe 2823 
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been varied by one factor. With homologous lines 
the analysis remains reasonably constant with 
changes in the method, whereas with non-homologous 
pairs errors of 50% can be obtained. 

The procedure adopted by the present authors for 
finding a suitable comparison line is as follows. The 
spectrum is examined in the immediate vicinity of 
the element line for iron lines of suitable density. 
Those lines which are of the same order (‘ arc’ or 
‘spark ’) as the element line are chosen and their 
excitation potentials are noted. If they are within 
0-5 eV. of that of the element line, a test for homology 
is made by photographing spectra at inductances of 
0, 0-015, 0-03, and 0-06 mH. If there is no marked 
change in log intensity ratio with change of inductance, 
the line pair may be regarded as suitable. 

Generally, it is not sufficient to take either the 
excitation potential or the line type alone as the 
criterion of suitability. Both must be taken into 
consideration. There are exceptions to this, however, 
and one is shown in Table I: Cr II 2876/Fe I 2872, 
an ‘arc’ line and a ‘spark’ line, give a homologous 
pair. Another pair included later in the line pairs for 
steel] analysis is Ni I 3446-2/Fe I 3445-1, whose 
excitation potentials are 3-7 and 5-8 eV., respectively. 
Other effects, however, may be involved in these two 
cases. 


There is a considerable difference between index 
points (i.e., the concentrations of the elements at 
which the intensities of element and reference lines 
are equal) obtained by solution methods and those 
obtained by solid samples. This may be the result of 
enhancement or depression of spectrum lines in the 
presence of the overwhelming amount of graphite. 
Table II gives a comparison of index values of recom- 
mended line pairs for steel analysis.15 


APPLICATION OF THE METHOD 


A number of examples will be given in detail to 
illustrate the use of the method. 


Analysis of Low-Alloy Steels 


A 0-5-g. portion of the sample is dissolved in 5 ml. 
of perchloric acid (60%) and the solution is evaporated 
to fumes. After cooling, the perchlorate salts are 
redissolved in a little water and the solution is finally 
made up to 10 ml. One 0-05-ml. portion of this 
solution is used for impregnation and, under the 
conditions indicated above, a density of approximately 
0-5 is obtained for the iron line at 3100-6 A. 

If tungsten is present, a mixture of 4 ml. of per- 
chloric acid and 3 ml. of phosphoric acid is used as 
the solvent, since perchloric acid alone precipitates 
tungsten. The solution thus prepared takes a longer 
time for impregnation, but dilution is not recom- 
mended because of the comparatively low sensitivity 
of the tungsten spectrum. 

Any silica precipitated in the evaporation is dis- 
regarded, since no interference has been encountered. 
It is, of course, not possible to determine silicon by 
this procedure, owing to the uncertainty of introducing 
a suitable aliquot into the electrode. 

Standards may be prepared from synthetic solutions 
or from the B.C.S. series of spectrographic standards. 
In the former method, stock solutions of pure metals 
are prepared in nitric acid, mixed in the correct pro- 
portions, and evaporated with the requisite amount 
of perchloric acid. 

Line pairs used in the analysis are given in Table III, 
and a comparison of chemical and spectrographic 
results (for single determinations in each case) is 
shown in Table IV. In the analysis of low-alloy steel, 









































Table III 
LINE PAIRS FOR THE ANALYSIS OF LOW-ALLOY STEELS 
Total Excitation Total Excitation Concentration Limit of 
El t El it Line ss uae Fe Reference Line — Index Point —_— Sensitivity, 
ev. ev. % % 
Ni I 3101-6 4-09 I 3100-6 4-93 2-7 1-0-5-0 0-3 
Ni 1 3446-2 3-69 I 3445-1 5-77 1-1 0-5-2-0 0-3 
Cr II 2876-0 13-5 I 2872-3 5-25 2-4 1-0-3-0 0-3 
Cr II 2876-0 13-5 I 2872-3* 5.25 0-7 0-2-1-5 0-7 
Cr II 2822-4 14.9 II 2828-6 15.4 1.7 1-0-3-0 0.2 
Mn II 2933-1 12-8 II 2926 -5* 13-0 0-5 0-1-0-8 0-1 
Mn II 2933-1 12-8 II 2926-5 13-0 1-8 0-5-2-0 0-1 
Mo II 2816-2 11-9 II 2828-6 15.4 0.7 0.2-1.5 0-15 
Jf II 3190.7 11-7 II 3277-3 12-6 0-3 0-1-0-8 0-05 
Cu I 3274-0 3-77 I 3440 .6* 3-59 0.2 0-1-0-5 0-02 
Ww II 2764-3 hie II 2770-5 15-4 2-9 1-0-5-0 0-5 
* Filtered. A neutral filter of 33% transmission is used. 
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and in all the other solution procedures used by the Table V 
authors, plates are calibrated by a series of iron lines pepRODUCIBILITY OF IRON-ORE ANALYSIS BY 
of known relative intensity values. THE SOLUTION METHOD 
Analysis of Iron Ores and Blast-Furnace Slags Standard Devietion as Percentage 
0 en 

Tron ores are only partially soluble in perchloric Cian 
acid—SiO,, Al,O;, etc., remaining undissolved. It is ieictaiiaes et pee 
therefore necessary to fuse the residue after solution Operator A | Operator B | Operator 
of the sample. 

A 0-5-g. portion of the sample is dissolved as far | fron 3.5 2.4 3.3 
as possible in 10 ml. of perchloric acid (60%) and a | Lime 2-5 2-7 2-5 
few ml. of nitric acid. The solution is evaporated to oan -. 2-4 2-8 
fuming, cooled, and taken up with about 20 ml. of a 8-0 2-3 
water. It is then filtered and the residue washed with | No. of Deter- 48 48 16 
hot water and ignited in a platinum crucible. The minations 
ignited residue is treated with a few ml. of hydro- 








fluoric acid and a few drops of dilute sulphuric acid Approximate analysis of sample: iron, 37%; lime, 9%; alumina, 7%; 
to remove the silica (which may be determined at magnesia, 1% 

this point by weighing before and after HF treat- 

ment) and is fused with 0-5 g. of anhydrous sodium nd Table VI is a comparison of spectrographic and 
carbonate. The fused mass is extracted in water, chemical results (for single determinations for both 
acidified with nitric acid, and added to the main methods). 


solution. As internal standard, 10 ml. of standard Blast-furnace slags may be analysed in the same 
dichromate solution (126 g./l.) are added, and the way as iron ores, and results are shown in Table VII 
whole solution is adjusted to 50 ml. for three samples analysed by this procedure. Table 


The excitation conditions are as indicated on p. 401, VIII is a list of line pairs for the analysis of iron ores 
with one impregnation of 0-05 ml. Since the spectrum and blast-furnace slags. . 
density from iron-ore solutions is very great, a greater 
dilution of the sample solution is used than that 
indicated as the standard strength earlier in this 
paper. Table IX is a comparison of spectrographic and 
Table V shows the reproducibility of the method chemical results for a number of non-ferrous materials. 


Other Materials 

















Table IV 
SPECTROGRAPHIC AND CHEMICAL RESULTS FOR LOW-ALLOY STEELS 
Mn, % Ni, % | cr, % Mo, % Cu, % WwW, % 
No. 
wae Chemical pena Chemical ae Chemical p Chemical yp ani Chemical Se Chemical 
1 3-33 3-39 
K 0.57 0-59 1-63 1-67 0.29 0-31 
3 0-62 0-59 4-03 3-99 
4 0-31 0-32 1.29 1-31 0-31 0-32 
5 1-89 1-90 1-91 1-90 
6 2-22 2-16 2-04 1-97 
7 1.94 1.93 1-85 1-92 
8 1-96 1-98 1-90 1-88 
9 2-16 2-16 2-02 2-00 
10 2-11 2-08 
11 0-67 0-69 
12 0.47 0.48 
13 0-68 0-68 3-10 3-10 0-65 0-68 
14 1.29 1-31 0-51 0-50 0.48 0-51 
15 1-60 1-63 
16 1.93 1-87 1.54 1-58 
17 1-00 1-01 1-88 1-89 0.29 0.29 
18 1-01 1-02 0-76 0-78 0-70 0-68 
19 1-06 0-96 
20 1.53 1-56 2-91 2-91 0-34 0-35 
21 0-40 0.41 1-55 1-51 0-82 0-87 
22 0.25 0.25 1-15 1-15 1.27 1-26 
23 0.14 0.14 1.44 1-43 
24 0.47 0.47 1.45 1-49 1-13 1-12 0.74 0-75 
25 0.32 0-28 1-91 2-03 0-19 0-20 
26 0-68 0-69 2-42 2-49 
27. 1.32 1-30 
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Table VI 
SPECTROGRAPHIC AND CHEMICAL ANALYTICAL RESULTS FOR IRON ORES 
Iron, % Lime, % Alumina, % | Magnesia, % 
No. 
Spectrographic Chemical Spectrographic Chemical Spectrographic| Chemical | Spectrographic|; Chemical 
1 34-3 34-2 9.4 9.0 6-0 6-4 2-0 2-0 
2 24-2 24-4 17-0 17-0 6-4 5.4 2-8 2-8 
3 36-8 37-6 9.3 9.3 5-5 5.4 1.7 1-7 
4 32-3 33-8 10-0 10-6 5-7 5-6 0-36 0-32 
5 27-5 27-8 10-5 10-5 6-8 6-6 0-86 0-82 
6 35-3 35-3 7-2 7-3 5-1 5-3 0-72 0-63 
7 24-0 24-8 12-0 13-3 6-5 6-5 0-86 0-75 
8 31-7 32-8 10-3 10-5 5-3 5-7 0-65 0-61 
9 31-4 32-4 11-6 11-1 5-1 5-3 0-51 0.44 
10 38-3 40-6 5-0 4-6 6-6 7-2 0.29 0-27 
ll 37-5 38-8 1.4 1-3 8.2 8-0 0.29 0-28 
12 24-3 25-2 19.1 18-4 8-3 7-5 0-51 0-50 
13 41-6 42-0 2-0 1-4 8-2 8-1 0.43 0-38 
14 35-6 35-4 8-3 8-3 6-9 7-0 0-60 0-60 
15 32-6 32-5 10-3 10-6 6-8 5.9 2-0 1.9 
16 29-6 30-8 12-7 12-1 7-2 6-5 1-4 1-4 
17 36-1 35-4 8.2 7-7 6-2 6-6 1-9 1-6 
18 31-2 31-8 14.2 13-4 6-3 5.9 yf 1-7 
19 34-0 34-0 9.2 8-4 7-1 7-1 2-1 1.4 
20 27-6 28-2 10.2 9.7 7-5 6-7 3-0 2-4 
21 34-6 35-6 11-3 11.2 7-5 6-7 1.4 1-1 
22 35-6 35-0 14-3 15-0 5-6 5-7 4-3 4-0 
23 28-6 30-4 9-0 8-7 8-2 8-1 3-8 4.4 
24 28-3 29.1 17-0 16-6 6-4 6-8 1-6 1-8 
25 32-8 33-8 4.9 5-0 7-9 7-3 3-2 3-4 
Table VII 
SPECTROGRAPHIC AND CHEMICAL ANALYTICAL RESULTS FOR BLAST-FURNACE SLAGS 
caO, % | MgO, % Al,O;, % MnO, % FeO, % 
No. 
poem Chemical — Chemical ae Chemical Seeae Chemical aaa Chemical 
1 32-4 32-2 6-1 6-0 22-6 24-3 1-30 1.43 1-16 1-15 
2 33-2 33-2 6-7 6-2 23-2 24-4 1-00 1-07 0-52 0-64 
3 31-8 32-4 6-2 6-0 23-7 “24-0 1-02 1-02 0-64 0-64 























A reproducibility test gave the following standard deviations, as percentages of content: CaO, 2-7; Al,O,, 3-1; MgO, 2-2; FeO, 4:30; MnO, 4-0 
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Table VIII 
LINE PAIRS FOR IRON-ORE AND BLAST-FURNACE SLAG ANALYSIS 

Element Line em pea Reference Line a Index, % Range, % 
Mg II 2790-8 16-4 Cr II 2792.2* 15-3 2-3 0-5-5-0 
Mg II 2790-8 16-4 Cr II 2792.2 15-3 5-3 1-20 
Fe II 2755-7* 13-3 Cr II 2757.7* 12-6 24-0 15-45 
Fe II 2755-7 13-3 Cr II 2757.7* 12-6 4-7 1-10 
Ca II 3179-3 13-1 Cr II 3180.7* 13-1 5-0 1-10 
Ca II 3179.3* 13-1 Cr II 3180-7* 13-1 17-0 5-25 
Ca II 3706.0* 12-5 Cr II 3421.3* 12-8 30-0 20-40 
Ca II 3706.0* 12-5 Cr II 8422.9* 12-8 50-0 35-60 
Al 1 3092-7 4.0 Cr I 3053-9 5-0 5-7 4-10 
Al 1 3092.7* 4.0 Cr 1 3053-9 5-0 15 10-25 
Al I 3082.7* 4.0 Cr 1 3053-9 5-0 25 15-30 
Mn II 2933-1 12-8 Cr II 2867 -6* 12-5 4.3 1-6 

* Filtered, 30% transmission filter. 
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The standard solution method was used in all cases 
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3 of hydrobromic acid, a crystal of potassium chlorate 
r= was added, and the solution was boiled for a few 
ae é minutes. Additions of potassium chlorate were 
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2 $e 8 solutions were made up to 8 ml. with hydrobromic 
af a acid before making up to the final 10 ml. with water, 
— — since further dilution would bring about precipitation. 
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ANDREW CARNEGIE SCHOLARSHIP REPORT 


Effect of Cold Work 
on the y— 2 Transformation 


in Some Fe-Ni-Cr Alloys 


SYNOPSIS 


The effect of cold work on the y-—>« transformation in some pure and commercial Fe—Ni-Cr alloys has been 
studied. These alloys were in the composition range 18-25% Cr, 8-12% Ni. The constitution of the alloys was 
determined after quenching from elevated to room or subzero temperatures, and after deformation at room 
temperature or below. A correlation has been found between the metastability of y and alloy content and is such 
that both nickel and chromium depress the Mg, Msg, and Mg points of the y->«, transformation. Additional alloying 
elements such as carbon, nitrogen, manganese, etc., have an effect similar to that of nickel and chromium. 
Transformation could be induced more easily (a) by compression at —67° C. than at — 152° C. or room temperature, 





and (6) by tension than by compression at room temperature. 
A new phase of hexagonal close-packed structure, transient in character and analogous to the e phase in Fe-Mn 


alloys, has been observed and is here called 0. 


The effect of quenching stresses, the phenomenon of stabilization in the martensitic transformation of y to 
or 9, and the hysteresis of the y—«, transformation were also investigated. Isothermal martensitic formation of a, 


was observed in pure alloys. 


The progress of the transformation y->a, was followed microscopically and the existence of a critical resolved 
shear stress for the transformation was indicated when the latter was induced by deformation. A correlation has 
been found between work hardening and alloy constitution. 899 


Introduction 


XPERIENCE in industry has shown that in the manu- 
facture of cast and wrought stainless alloys of 
the Fe-Ni-Cr type, the phases present after 

cooling from elevated temperatures are determined in 
part by the balance of alloying elements present. 
Thus, body-centred-cubic (b.c.c.) elements like chrom- 
ium, molybdenum, and tungsten tend to stabilize the 
high-temperature b.c.c. 5-ferrite phase, whereas face- 
centred-cubic (f.c.c.) elements like nickel, manganese, 
and cobalt tend to stabilize the f.c.c. austenite phase. 
The 8 phase is also stabilized by titanium and silicon, 
and the y phase is strongly stabilized by carbon and 
nitrogen.* In the greater part of the research on the 
constitution of Fe—-Ni-Cr alloys, it has been assumed 
that by varying the percentage of any one alloying 
element in the presence of many others, the same 
effect would be obtained as in the absence of all or 
most of the latter. This assumption is questionable. 
Although the term ‘ stainless alloys’ now covers a 
very wide range of composition, it is fair to say that, 
at least for Fe—-Ni-Cr alloys, those in the range 18— 
25% Cr and 8-12% Ni constitute the majority of such 


alloys produced. In addition, it is in this range of 
composition that the question of alloy balance be- 
comes of great importance. Austenite of this com- 
position also has a metastable character. There was 
therefore a need to determine the precise influence of 
nickel and chromium in this range of composition in 
the virtual absence of other alloying elements. For 
this purpose, the following three alloys were selected : 


Alloy No. 1 2 3 
Chromium, % 18 18 25 
Nickel, % 8 12 12 


When compared in the orders 1 with 2, and 2 with 3, 
they should allow the separate effects of nickel and 
chromium to be determined. 

It was well known that retained austenite in this 
range of composition could be made to transform to 
a-ferrite by the application of cold work. This offered 
a convenient method of obtaining a quantitative 
measure of the metastability of the austenite in any 
alloy by determining the percentage of austenite 
retained after suitable heat-treatment and various 
degrees and conditions of cold work. 

The work reported in the paper is a study of the 





*In what follows, 5-ferrite will always refer to the 
b.c.c. phase stable at elevated temperatures, whilst «- or 
«,-ferrite refers to that formed by transformation of the 
austenite at lower temperatures by cooling or by cold- 
working. 


Manuscript received 8th September, 1953. The paper 
is based on a thesis submitted for the Ph.D. degree in the 
University of Sheffield. 

Dr. Cina is at the Brown-Firth Research Laboratories, 
Sheffield. 
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CINA: EFFECT OF COLD WORK ON Y~>% 


immediate effect of cold work on the transformation 
characteristics of the austenite phase in certain 
Fe-Ni-Cr alloys in an attempt to explain the precise 
joint alloying effects of nickel and chromium. 


SURVEY OF THE LITERATURE 


Before reviewing the information available about 
the combined effects of chromium and nickel on the 
metastability of austenite, it is relevant to consider 
their separate effects when alloyed with iron. For 
this purpose only the main papers on the constitution 
of Fe—Ni and Fe-Cr alloys will be considered. 


Allotropy in Fe, and in Fe-Ni and Fe-Cr Alloys 


Although the allotropic changes in pure iron itself 
are well known, it is not so generally realized that the 
—« transformation at 910° C. can occur martensitic- 
ally on rapid cooling, as shown metallographically by 
Sauveur andChou.! Under non-equilibrium conditions, 
the effect of adding nickel to pure iron is progress- 
ively to depress the Ar,—Ar, range of temperatures; 
the transformation still occurs martensitically?-? 
and its product is known as a, rather than a, since 
it is a non-equilibrium phase containing excess nickel.3 
Alloys containing up to about 18% Ni, 18-27% Ni, 
and over 27% Ni are found to have transformed to a, 
fully, partially, and not at all, respectively, on quench- 
ing to room temperature from the fully austenitic 
region. Under equilibrium conditions, nickel addi- 
tions up to over 60% simply progressively depress 
the y/(y-++«) phase boundary. § 

In contrast to nickel, chromium closes the y loop, 
so that for all temperatures from 850° C. to the melting 
point, all Fe-Cr alloys containing more than about 
13% Cr are fully ferritic’? ($-ferrite), and can be 
retained in this state on quenching to room tempera- 
ture. They in alloys quenched from within the y loop 
or the narrow two-phase (y+) or (y+«) regions 
transforms martensitically to «.® 

From the standpoint of the present investigation, 
the addition of 8% or 12% Ni to iron would give a 
martensitic a, structure on quenching from 850° C. or 
above, and the separate additions of 18% or 25% Cr 
would result in 100% 8-ferrite ; 7.e., in both cases a 
b.c.c. structure would be obtained on quenching. 


Allotropy in Fe-Ni-Cr Alloys 


Most of the early work on alloy constitution was 
done on material containing, amongst other things, 
carbon and nitrogen which later research!® 1! has 
shown to be powerful austenite stabilizers. Despite 
these limitations, the work of Bain and Griffiths!? 
showed that chromium and nickel each tended to 
stabilize y, but that contents of 5-10% of each were 
insufficient to do so and martensite was formed on 
quenching. They demonstrated that carbon was not 
essential for martensite formation. 

The work of Jenkins and others, and especially 
that carried out more recently at the N.P.L.,1* 15 was 
done on purer material and clearly indicated the 
opposing influences of chromium and nickel at elevated 
temperatures, the former favouring the formation of 
8-ferrite, and nickel favouring austenite. The N.P.L. 
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workers!4 observed an a, phase having a distorted 
b.c.c. lattice and a martensitic appearance, mainly in 
alloys containing 18-22% Cr and 3-9%, Ni after long 
annealing at 650° and 800°C. It is surprising that 
nO & was reported for the 18/3, 18/5, and 18/8 Cr—Ni 
alloys as quenched from 1000° C., since it was observed 
after treatment at temperatures of 650-800° C. Such 
a martensitic transformation was observed by 
Krivobok and Grossman!® in 18/2 and 18/4 Cr -Ni 
alloys on quenching from 927-1260° C., even though 
their alloys contained 0-05% C. Rees and others! 
point out that the addition of chromium reduces the 
range of nickel composition in which «, is observed on 
quenching. Thus, a 15/14 Cr—Ni alloy remained fully 
austenitic on quenching from 1000° C., although an 
Fe-14% Ni alloy would have been 100% «a, after the 
same treatment. This work therefore showed that 
chromium favoured the formation of 8-ferrite at 
elevated temperatures but opposed the formation of 
a-ferrite at lower temperatures. 

Aborn and Bain?’ confirmed the metastability of + 
in carbon-bearing alloys, and showed that the y could 
be transformed to ferrite by the application of cold 
work. They found that carbon and nickel opposed 
this induced transformation. They were careful to 
point out that the ferrite so formed had the same 
composition as the austenite, whereas the ferrite 
observed after quenching from the carbide precipita- 
tion range of temperatures was of varying composition. 
Although several theories!*-*! have been offered for 
the formation of the latter ferrite in commercial 18/8 
Cr-Ni alloys, recent work” 73 indicates its formation 
after tempering at about 450-850°C., largely on 
cooling to room temperature, and as a result of the 
depletion of the matrix in carbon and chromium, 
provided that nickel and other y stabilizers are present 
in only limited amount. This recent work supports 
that of Uhlig,24 who showed that the y in an 18/8 
Cr-Ni alloy, free from carbon and nitrogen, trans- 
formed martensitically and almost completely to « 
below 90-125° C. 

Some of the discrepancy in the results of studies of 
y metastability can be attributed to the fairly con- 
siderable variation in composition tolerated by the 
term ‘ 18/8-type alloy.’ The position is somewhat 
clarified by considering the effect of the several alloy- 
ing elements on the M, point of the y—« transforma- 
tion in such alloys. The early dilatometric work of 
Krivobok and Gensamer?® demonstrated the depres- 
sing effect of nickel, and to a lesser extent of carbon, 
on M,, and the more recent and systematic work of 
Kichelman and Hull,?¢ also using a dilatometric tech- 
nique, showed that the relative effectiveness of ele- 
ments in lowering M, increased in the following order : 
Si, Mn, Cr, Ni, C, N,. Bastien and Dedieu?’ found 
that M, was lowered by 50C. deg. for each extra 1% of 
Ni between 4% and 12% added to an 18% Cr-0-03% 
C-0:03% N, alloy. Post and Eberley! derived an 
empirical equation relating alloy composition to a 
parameter which indicated the stability of the y with 
respect to cold work. Mathieu®* confirmed the 
stabilizing influence of carbon on y, and showed that 
the amount of « formed increased with cold work and 
that the transformation was more connected with 
plastic deformation than with the applied stress. 
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The effect of temperature was found to be such that 
no a was formed by cold-working in tension above 
100° C. and that less transformation occurred as the 
rate of testing increased, owing to the heat evolved 
raising the temperature above M, (probably Ma‘). 
The relationship between extent of cold work and 
transformation has been confirmed for samples de- 
formed in tension? 2% 3° or compression.*4 


PRELIMINARY WORK 


Experiments with a predominantly austenitic com- 
mercial 18/8 Ti-stabilized alloy showed that uniform 
cold work and reproducible results could be obtained 
using type 12 Hounsfield tensometer samples (overall 
length 1-07 in., parallel gauge length 0-632 in., gauge 
length dia. 0-18 in.) for deformation applied in ten- 
sion, and using cylinders 0-150 in. dia. «0-225 in. 
long for deformation applied in compression. Samples 
were deformed up to 21% in tension and 100% in 
compression without any appreciable necking or 
barrelling, respectively. Before deformation the 
compression cylinders had had their ends finely 
ground exactly at right-angles to their lengths, and, 
together with the tensometer samples, were heat- 
treated (1 hr. at 1050° C. in vacuo and W.Q.) to remove 
cold-work effects introduced by machining. 

The compression cylinders were deformed between 
lapped alloy-steel blocks using alcohol-dag (defloccu- 
lated Acheson graphite) as a lubricant. 

The uniformity of cold work was determined from 
dimensional changes along the lengths of the samples 
and also from hardness changes measured across 
transverse sections of the samples. For the latter 
purpose the sections were first manually and finally 
electrolytically polished, as described in a later section. 
The maximum variation in diameter after cold work 
was +0-3% and +4-0% for samples deformed up to 
21% in tension and 101% in compression, respectively. 
The corresponding maximum variations in hardness 
across transverse sections were +2-6% and +5-1%, 
respectively. Most variations were much less than 
those quoted. Reproducibility of results was assessed 
from changes in hardness and in the relative inten- 
sities of the y and « spectra in X-ray diffraction photo- 
graphs taken by grazing incidence technique from the 
electropolished sections. Phase estimation by X-ray 
methods was reproducible to +5%. 


EXPERIMENTAL WORK 
Materials Used 


Nine alloys were studied in the course of the 
investigation, their nominal and actual compositions 
being given in Table I. Alloys 40, 48, 43, and 46 
were made from pure materials, and the remainder 
were of normal commercial production or composition. 
The four pure alloys were made up from the following 
materials : the iron,* of high-purity Swedish origin, 
was remelted under oxidizing conditions at the 
N.P.L. Its analysis (in wt.-%) was : 


C Si Mn Ss ‘ 
0-008 0-002 0:005 0°011 0:001 
Cr Ni Cu Al O 

0-001 0:01 0:006 0-001 ~0°2 


The nickelf was supplied as sponge and the chromiumT 
as electrolytic flake. Both were spectrographically 
pure, showing 0-0022 wt.-% and <0-0005 wt.-% of 
metallic impurities, respectively. The chromium, 
however, contained the following gaseous impurities : 
N, wt.-% 0:07 O, wt.-% 0°8 

All four pure alloys were melted by means of a mercury 
spark-gap H.F. heater under a pressure of 20-30 cm. 
of hydrogen for 20-30 min. and were kept molten in 
this atmosphere for 5-10 min. The system was then 
evacuated to a pressure of between 10-* and 10-* mm. 
and the alloys were allowed to solidify and cool to 
room temperature in this order of vacuum. The 16/8 
Cr-Ni alloy was melted in a thoria-lined slip-cast pure 
alumina crucible, and the other three pure alloys were 
melted in recrystallized alumina crucibles. All four 
pure-alloy ingots were sealed in transparent silica tubes 
at an estimated pressure of about 10-? mm., homo- 
genized at 1300--5° C. for 72 hr. (the 16/8 Cr-Ni alloy) 
or 84 hr. (the 18/8, 18/12, and 25/12 Cr—Ni alloys), 
and water-quenched. Subsequently the tops of the 
ingots were machined, the pipes were drilled out, and 
millings for analysis were obtained from across the 
diameters of the ingots for a depth of }-4 in. 

Carbon determinations were carried out through 
the courtesy of Mr. J. E. Wells of the Steel Company 
of Wales, Ltd., by his now standard low-pressure 
method.*? 





*Supplied by B.I.S.R.A. (reference AG R5). 
tSupplied by Johnson, Matthey and Co., Ltd. 


Table I 
ANALYSES OF ALLOYS STUDIED 






































Composition, wt.-% 
Nominal Composition Code No. 

Cc Si Mn Al | Ss P Cr Ni Mo Ti Oo N |H,* 
16/8 Cr-Ni 46 0.0015) 0-09}<0-02) .0-06/0-006)<0-.005|16-25) 8-24 — | — | — |0-005)— 
18/8 Cr-Ni 48 |0-0097/<0-.01|<0-02/<0-.02/0.003|<0-005)18-01) 8-14) — | — |0-11 |0-009/0.7 
18/12 Cr-Ni 43 0.0017; 0-09) <0-02|<0-02/0-005) <0-005)16-74/12-57) — — |0-013/0.009/0-.8 
25/12 Cr-Ni 46 (0.0074) 0-05|)<0-02|<0-02/0.004| <0-003/25-41/12-26) — —- |0-17 |0-007/1.2 
18/8/0-1 Cr—Ni-C N760 0-12 0-55) 0-34)<0-02/0-019) 0-020)17-86) 7-9 0-34) — | — |0-029) — 
18/12/0-1 Cr—Ni-C G4132 |0-12 0-46) 0-27|<0-02/0-020) 0-022)17.2 |12-58) 0-51) — | — |0-037) — 
25/12/0-1 Cr-Ni-C G4134 /0-11 0-55) 0-35) 0-02/0-014) 0-014/24.18)12-43) 0-36) — | — |0-110) — 
18/8/0-12/0-6 Cr-Ni-C-Ti |HG8031 |0-12 0-74; 0-40) 0-05/0-013) 0-014/18-12) 8-18) <0-02/0-61/0-003/0-007/1-0 
19/10/0-02 Cr-Ni-C B.B. 0-02 0-38) 0-88) 0-02/0-016) 0-010/19-2 |10-0 |<0-02) — |0-006/0 037/2-8 



































*Hydrogen contents are quoted in ml. per 100 g. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


AUGUST, 1954 








Tl 
alloy 
]}-ir 
and 
squa 

Al 
in tl 
alloy 
to be 
prob 
Uhli 
sions 
He 
0-2° 
tem] 

Jy 
poss 
grap 
ing a 
reve 


befo: 


Pref 
M 


tran 
each 
dire 
secti 
dia. 

were 
heat 


D 
able 
alloy 
the « 
seve 
the 
ture 
diffi 
stab 
tube 
thro 
cold 
as li 
18/1 
1406 
suit: 
sure 
givil 
tem’ 
W.G 
trea 

T 
orig 
cont 
tem 
be ¢ 
Hea 
forn 
duc 





he 
ns 
16 
or 
a 


ay 
le 


Se 





CINA: EFFECT OF COLD WORK ON Y->% TRANSFORMATION IN FE-NI-CR ALLOYS 409 


The commercial 18/8, 18/8/Ti, and 19/10/0-02 C 
alloys were received in the form of 1}-in., ?-in., and 
]}-in. dia. hot-rolled bars, respectively. The 18/12 
and 25/12 commercial alloys were in the form of }-in. 
square forged bars. 

Analysis showed oxygen to be the main impurity 
in the otherwise pure 18/8, 18/12, and 25/12 Cr—Ni 
alloys (48, 43, and 46, respectively). This was found 
to be wholly combined as undissolved Cr,O, and was 
probably derived from the original chromium flake. 
Uhlig’s pure 18/8 alloys also contained Cr,O, inclu- 
sions, which do not seem to have affected his results. 
He quotes Tritton and Hanson,** who found that 
0-2% of oxygen had no effect on the transformation 
temperature of iron. 

The pure alloys were not forged, so as to avoid 
possible contamination with nitrogen. A radio- 
graphic examination for soundness (capable of detect- 
ing a pore about 0-005 in. dia. ina compression sample) 
revealed no internal defects in the compression samples 
before deformation and only pipe in ingot sections. 


Preparation of Samples for Cold Work 


Machining—By means of a %-in. slitting wheel, 
transverse slices about 0-2 in. thick were cut from 
each ingot and sectioned parallel to the longitudinal 
direction of the ingot into bars of about 0-2 in. square 
section, from which compression cylinders 0-150 in. 
dia. x 0-225 in. long were machined. These cylinders 
were degreased, sealed in vacuo in silica tubes, and 
heat-treated before cold-working. 


Details of Heat-Treatment—Although it was desir- 
able to obtain a state of maximum entropy in the 
alloys so that maximum significance would attach to 
the differences in chromium and nickel content in the 
several alloys, difficulties were encountered because of 
the two-phase (y-+-d) regions stable at high tempera- 
tures (1200-1400° C.) in some of the alloys. As it was 
difficult to preserve the actual amounts of § and y 
stable at elevated temperatures by quenching in silica 
tubes (because § tends to transform to y on cooling 
through that range), the 18/8 and 25/12 alloys were 
cold-worked in several conditions of heat-treatment, 
as listed in the first three columns of Table II. The 
18/12 alloy was fully austenitic after quenching from 
1400° C., but as its grain size was far too large to give 
suitable X-ray diffraction patterns for intensity mea- 
surements, some material was also recrystallized by 
giving it about 45% cold work in compression at room 
temperature, followed by 10 min. in vacuo at 850° C. 
W.Q. The alloy was fully austenitic after this 
treatment. 

The heat-treatments listed in Table ITI followed the 
original homogenizing treatment and resulted in a 
condition more akin to that obtaining at the elevated 
temperature. This was because a small sample could 
be quenched more effectively than the original ingot. 
Heat-treatment after machining also eliminated trans- 
formation (y—>a,) and other cold-work effects intro- 
duced by the actual machining process. 

Commercial alloys were examined in only one con- 
dition of heat-treatment, namely 1 hr. at 1050°C., 
W.Q., which is a standard softening treatment for 
18/8-type alloys. 
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Cold-Working Techniques 

Most of the samples were cold-worked in compres- 
sion, but some were also deformed in tension. The 
extent of compression was followed by means of a 
Mercer dial gauge which measured the descent of the 
upper compression head of a Denison tensile testing 
machine. The gauge was graduated to 0-0001 in. 
A separate sample was used for each amount of defor- 
mation required. Compression at subzero tempera- 
tures was carried out by a dynamic cooling process 
whereby the liquid coolants (solid CO, dissolved in 
acetone, or liquid nitrogen) either impinged on the 
sample as jets (CO,—acetone) or flowed round it (liquid 
nitrogen). Blank runs in which a copper/constantan 
thermocouple was soldered into a hole +; in. dia. x 
about 3 in. deep, drilled centrally in the side of a 
compression sample, showed that temperatures of 
—67 + 3°C. and —152 + 15°C. were reached and 
maintained by the respective use of the two coolants. 
No lubricant was used at the subzero temperatures 
but no serious barrelling was encountered because, in 
general, less compression was applied than at room 
temperature. 

The samples were deformed in compression or ten- 
sion at a rate of about 0-007 in./min., which ensured 
that the heat evolved by the deformation had a neglig- 
ible effect on the temperature of the sample. 


Expression of Extent of Deformation 
For samples deformed in tension, the percentage of 
cold work was expressed as 


Increase in length 
. 100; 





Original length 


the corresponding expression for compression was 

Decrease in length 
—_————— x 100. 

Final length 

Expressed in this way, values for deformation by com- 
pression become significant and truly comparable with 
values of deformation by extension, provided that a 
separate sample is used for each amount of deforma- 
tion required. 





Measurement of Extent of Transformation 

Principally two techniques were used for percentage 
phase estimation : an X-ray and a magnetic method. 
The former was identical to that used previously by 
the author* in studying an XCR valve steel, and 
also by Spear and others,*5 who worked with high- 
speed steels. The relative intensities of the entire y 
and « spectra, obtained by grazing incidence technique 
in a 10-cm. dia. Debye-Scherrer camera and using 
CoKa X-radiation, were compared with those of 
standards. The latter were prepared from corre- 
sponding X-ray photographs of known mixtures of 
—100 mesh filings of Armco iron and a fully austenitic 
Fe-39% Ni alloy, both suitably heat-treated. It was 
considered that phases could be estimated to +5% 
in the region of 50% phase present, and to +1% in 
the region of 2-5°% phase present. In the case of the 
pure 18/12 Cr—-Ni samples quenched from 1400° C. 
and those of the pure 25/12 Cr—Ni alloy, the grain 
size was such as to give very spotty X-ray 
diffraction lines which made phase estimation very 
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Table II 
PHASES PRESENT IN ALLOYS AFTER VARIOUS HEAT-TREATMENTS 
Phases* Present at 
All Nominal 
ef Composition Heat-Treatment 
Room Temp. —76° C. —196° C. 
48 18/8 Cr-Ni (a) ¢ hr. at 1300° C., W.Q. (5%) +¥(27%) +43(46% 5(5%) +¥(26%) +a3(54%) 8(5%) +7(27%) +43(46%) 
+6(22% +0(15%) +0(22%) 
(6) 1 hr. at 1100° C., W.Q. 8(3%) +yaa%o) +a,(54% 
(c) 2hr. at 850° C., W.Q. | 8(1%) +7(20%) +.04(61%) | 8(1%) +7(22%) +04(65%) | 8(1%) + (25%) +-.04(65%) 
+0(18%) +0(12%) +e(10%) 
43 18/12 Cr-Ni (a) } hr. at 1400° C., W.Q. y(100%) (91%) +43(6-0%)+0(3%) =| (79%) +4,(10%) + 011% 
(6) (45% cold work) y(100% ¥(99 4%) +a,(0-6%) y(81%) +43(10%) + 0(9%) 
+4 hr. at 850° C., W.Q. 
46 25/12 Cr-Ni (a) ¢ hr. at 1300° C., W.Q. §(38%) +7(62%) 8(38%) +7(62%) 8(38%) + (62%) 
(6) 1 hr. at 900° C., W.Q. 5(22%)+(78%) 5(22%) + (78%) 8(22%) + (78%) 


























*The low-temperature b.c.c. phase is called a, rather than a because it was later shown not to be an equilibrium phase; 
it is analogous to a, in Fe-Ni alloys. 


difficult. For these alloys, phase estimation was 
carried out magnetically using a Sucksmith balance 
which in principle was identical to the original design.*® 
This instrument was used to measure og,7, the 
magnetization per gramme of a sample in a field H 
and at a temperature 7’. Since austenite is para- 
magnetic, its o/H curve passes through the origin. 
For a ferromagnetic phase, the o/H curve intersects 
the o axis. Thus the oo,7 value of the sample when 
y and a were both present was dependent only on 
the oo,r value of the ferromagnetic «, phase and the 
amount present. To determine the percentage of 
ferromagnetic constituent (3- or «-ferrite) present in 
any alloy, og,r values were obtained where H = 
4000, 8000, 11,750, and 15,000 oersteds. The value of 
oo,r was then obtained by extrapolation, and the 
ratio of this 60,7 value to that of the alloy in the fully 
ferritic condition represented the ratio of « or § or 
(8+a) to y. Where a fully ferritic condition was 
never obtained, as in the pure 18/12 and 25/12 alloys, 
the oo,r value for the fully ferritic 16/8 Cr—Ni alloy 
was taken as standard. The error so introduced is 
not considered very great. The values of 69,19 ¢, for 
the pure 16/8 and 18/8 Cr—Ni alloys in the fully ferritic 
condition were 148 and 143, respectively ; 60,15° c, and 
©15,000,18° c, for y were 0 and <1, respectively. 

The great sensitivity of the apparatus (capable of 
detecting 0-02% ferromagnetic phase in a stainless 
alloy) necessitated the use of very small samples, 
about 0-015 g. in weight, whose preparation is des- 
cribed in the next section. 

For measurements of 67,7 above room temperature, 
a small furnace was placed round the specimen and its 
supports, and the apparatus was evacuated. The 
temperature was measured by a Pt/Pt-13% Rh 
thermocouple close to the specimen. 

Point counting was used to determine the percentage 
of §-ferrite present in some of the alloys, but could 
not be used for «-ferrite because of the poor contrast 
between y and «. 


Preparation of Samples for X-Ray and Magnetic 
Analysis and Micro-Examination 


After heat-treatment or cold-working, each sample 
was mounted in Wood’s metal and sectioned with a 
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jeweller’s saw, the latter being used to restrict cold- 
work effects. Unless otherwise stated, deformed 
samples were sectioned at right-angles to the direction 
of the applied cold work. Still in its mounting, each 
sample was rubbed on a file to level its sectioned sur- 
face and was subsequently manually polished to 000 
emery. The sample was then removed from its 
mounting and polished electrolytically using a 20: 1 
glacial acetic/perchloric acid bath as electrolyte, a 
Staybrite sheet as cathode, and the sample as anode. 
Polishing was carried out for 3 min. in a mechanically 
stirred water-cooled bath operating at an applied 
voltage of 70 V. 

The polished sample was then X-rayed and examined 
microscopically. Samples for magnetic analysis were 
prepared from those already used for X-ray examina- 
tion and by an identical technique. 

To determine the effectiveness of the entire polish- 
ing technique in removing cold-work effects during 
the preparation, X-ray grazing incidence photographs 
were taken after the several stages of preparation of 
a pure 18/8 sample, quenched from 1100°C. The 
results were as follows : 


Polished Polished Electropolished for 


Surface As to No.2 to000 

Preparation Sawn Emery Emery 3 min, 6min. 9min. 
Oe, % 100 90 78 57 57 57 
0, % 0 0 11 19 19 19 
¥, % 0 10 11 24 24 24 


Although emery paper itself reduces the effect of 
previous abrasion, a constant value for the phases 
present is obtained only after 3 min. electropolishing. 

The @ phase, like the «, was the product of a 


Table III 
PHASES PRESENT IN COMMERCIAL ALLOYS 


Phases Observed after 
1 hr. at 1050° C., W.Q. 
y+(Cr, Fe),,C, 
y+(Cr, Fe),,C, 
y+8(8%) +(Cr,Fe),,C, 


— Nominal Composition 
o. 
N760 18/8/0-1 Cr-Ni-C 


G4132  —-:18/12/0-1 Cr-Ni-C 
G4134 —-25/12/0-1 Cr-Ni-C 


HG8031 18/8/0-12/0-6 y +8(6%) +2(9%) 
Cr-Ni-C-Ti 
B.B. 19/10/0-02 Cr-Ni-C y+(Cr,Fe),,C, 
AUGUST, 1954 








Pe ae 


ie 


Fig. | 


mart 
more 


Const 
C 


the s 
The ] 
after 
1300° 
alloy 
At tk 
from 
alloy 
regio 
at th 
tent 

high- 
§-fer 


16% 
the 
amot 
Uhlig 
that 
possi 
later 
alloy 
and | 
alloy 
alloy 
attril 
18% 
tion | 
in th 
temp 
acco! 
A co 
mark 





AUC 








oId- 
ned 
lon 
ach 
sur- 


its 


de. 


lly 
ied 


ed 
ere 
1a- 


ng 
hs 
of 
he 





CINA: EFFECT OF COLD WORK ON Y->% TRANSFORMATION IN FE-NI-CR ALLOYS 41] 





100 Tr > 


ay a 
V4 | 





TL EL. 























© 2hr. ot 8S5OC., W.Q. 








60 ® thr. at HOO*C., W.Q. 
© he. at I300C., W.O. 





























| a 
“5 = 10 15 20 


>| 


| | @ / | © 
} 2 | 


5 10 


COMPRESSION, %%o 


Fig. 1—Effect of compression applied at (a) room temperature, (b) —67°C., (ce) —152° C. on transformation in 
pure 18/8 Cr-Ni alloy 48 


martensitic transformation of the y and is described 
more fully later. 


RESULTS 
Constitution of the Alloys After Quenching and Before 
Cold-Working 

Pure Alloys—The percentages of phases present after 
the several heat-treatments are listed in Table IT. 
The pure 16/8 Cr—Ni alloy was found to be 100% «,* 
after quenching to room temperature from 850° to 
1300° C., as in treatments (a), (b), and (c) for the 18/8 
alloy. Table II reveals the following information. 
At the 8% Ni level, increasing the chromium content 
from 16% to 18% has had the effect of bringing the 
alloy from the single-phase y to the duplex (y+) 
region of the ternary, and a similar result is obtained 
at the 12% Ni level by increasing the chromium con- 
tent from 18% to 25% ; 7.e., the results confirm the 
high-temperature stabilizing effect of chromium on 
§-ferrite.!% 14 

At the 8% Ni level, the increase in chromium from 
16% to 18% has had the effect of partially stabilizing 
the y phase, «, being the phase present in the greatest 
amount. In the latter respect the work confirms 
Uhlig’s*4 results for a pure 18/8 alloy. It can be said 
that the 2° extra chromium has depressed Mr and 
possibly also M,. This point is dealt with more fully 
later. Although the y phase in the 18/12 and 25/12 
alloys is stable on quenching to room temperature, 
and even down to —196° C. in the case of the 25/12 
alloy, the difference in y stability between these two 
alloys at subzero temperatures cannot be immediately 
attributed to the increase in chromium content from 
18% to 25%, because of the preferential concentra- 
tion of certain alloying elements in the y and § phases 
in the 25/12 alloy. The increase in § content with 
temperature in both the 18/8 and 25/12 alloys is in 
accord with the phase diagrams of Jenkins and others.14 
A comparison of the 18/8 and 18/12 alloys shows how 
markedly nickel depresses Ms. 





* See footnote to Table II. 
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The 6 phase reported in the 18/8 and 18/12 alloys is 
a new feature of the Fe—Ni-Cr system and is dealt with 
separately later. 

Decreasing the temperature to which the alloys are 
quenched has no apparent effect on the 25/12 alloy, 
brings about a greater extent of transformation of + 
to (% +6) in the 18/12 alloy, and has little measurable 
effect on 18/8, probably because of the extensive 
partitioning®’ of the y. In the latter alloy, the lower 
the ‘austenitizing’ temperature, the more a, is 
produced. 

Stabilization Experiments on Pure Alloys—Since the 
subzero treatments, whose results are reported in 
Table II, were carried out on samples which had been 
aged at room temperature for periods of days after 
water-quenching, some check experiments were carried 
out to determine whether a stabilization phenomenon 
was occurring at room temperature. This work was 
confined to the pure 18/8, 18/12, and 25/12 Cr—Ni 
alloys. The following austenitizing treatments were 
adopted : 2 hr. at 850°C. for 18/8; 45% cold work 
+10 min. at 850°C. for 18/12 ; 1 hr. at 900°C. for 
25/12. The 25/12 alloy had to be treated at 900° C. 
instead of 850° C. to avoid o formation. The several 
samples of each alloy were ‘austenitized’, water- 
quenched, and subsequently quenched to —196° C. 
(a) with a minimum delay of 2-3 min. after water- 
quenching, (6) after 24 hr. ageing at room tempera- 
ture, and (c) after a maximum delay of about 10 days 
at room temperature. No significant difference in y, 
%», or 9 content could be detected by X-ray diffraction 
in the 18/8 or 18/12 block samples. The 25/12 samples 
showed constant amounts of y and § by magnetic 
analysis. 

It can therefore be concluded that if a stabilization 
effect occurred in any of the pure and incompletely 
transformed alloys, its magnitude was small and was 
within the limits of experimental error for percentage 
phase determination. 

Commercial Alloys—The phases present in these 
alloys are given in Table III. A comparison of the 
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Fig. 2—Effect of temperature of compression on trans- 
formation: alloy 48 (18/8 Cr-Ni), } hr. at 1300° C., 
Ww.Q. 


first three alloys in Table III with their pure counter- 
parts in Table IT reveals the following information : 


(i) The effect of small quantities of carbon, nitrogen, 
etc., in an 18/8 alloy is to render it fully austenitic at 
room temperature ; 7.e., carbon, nitrogen, manganese, 
etc., depress Msg. 

(ii) Increasing the nickel content from 8% to 12% 
in an alloy containing 18 % Cr is sufficient to depress 
Ms below room temperature in the absence of carbon, 
nitrogen, manganese, etc. 

(iii) The 8-ferrite stabilizing influence of chromium 
is offset in a commercial alloy by the presence of y 
stabilizers such as carbon, and also partially by the 
removal of chromium from solution to form (Cr, Fe), ,C., 
confirming the results of Gow and Harder.** The 
results for the 18/8/Ti alloy show that if carbon is 
removed from solution by its combination as TiC, the 
stability of the y is reduced (i.e., Ms is raised) and 
some transformation of y to «, can occur on quenching. 
The presence of manganese and probably a little car- 
bon in solution still has some stabilizing effect on y, as 
comparison with alloy 48 shows (see Table IT). 


The effect of low (0-02%) carbon in the 19/10 alloy 
is offset by the presence of 10% Ni and 19% Cr, so 
that this alloy is fully y at room temperature. 

Treatment of 10 min. at 


All the other curves were obtained from X-ray results. 

18/8 Cr-Ni (Alloy 48)—Figure la shows that the y 
preserved after quenching a pure 18/8 alloy from 850° 
to 1300° C. is highly unstable at room temperature, 
less than 25% compression being sufficient to cause 
its virtually complete transformation to a. The 
somewhat greater stability of samples quenched from 
1300° C. is possibly due to a slight enrichment of the 
y with respect to nickel, as shown by displacement of 
the y/(y+) phase boundaries at higher temperatures. 
The greater difficulty of transforming the last 5% of 
y in samples water-quenched from 850° and 1100° C, 
is probably caused by two factors : 


(i) The resistance offered by the surrounding mar- 
tensite to the increase in volume which would accom- 
pany the transformation 

(ii) A partitioning effect,*® which raises the inter- 
facial energy term of the transformation and hence 
increases the total energy barrier. 


The scale of values for the abscissa in Figs. la-c 
(and Figs. 3a and b) is greatly enlarged in comparison 
with the remaining Figures, so that the difference 
between the three curves in Fig. la is correspondingly 
magnified. 

In Fig. 16, the lower working temperature has 
resulted in more transformation for the same amount 
of cold work as applied at room temperature, the 
effect being most marked in samples water-quenched 
from 1300°C. This would be in keeping with the 
greater free-energy difference between the y and a, 
phases at lower temperatures.*” 

Cold work applied at —152°C. gave somewhat 
unexpected results, which are illustrated in Fig. le. 
Whereas samples water-quenched from 850° C. trans- 
formed to the same extent as those deformed at 
higher temperatures, those quenched from 1300° C. 
showed transformation characteristics intermediate 
between those found at room temperature and —67° C. 
Figure 2 illustrates this effect of deformation tempera- 
ture on samples compressed 24%, 5%, and 10%, and 
suggests that transformation induced by compression 





—196° C. had no effect on the 
constitution of any of the com- 
mercial alloys except 18/8/Ti, 
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whose a, content increased 90 
from 9% to 19%. No 6 was 
detected in it. 





Effect of Cold Work on Consti- 
tution of Fe-Ni-Cr Alloys 


One of the primary effects of 
cold-working most of the alloys 
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Fig. 3—Effect of room-temperature compression on percentage of phases 
present: alloy 48 (18/8 Cr-Ni) after (a) 2 hr. at 850° C., W.Q., (6) } hr. at 
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becomes easier at about —67°C. than at —152°C. 
or room temperature. 

Figures 3a and 6} show the simultaneous effect of 
cold work at room temperature on the percentage of 
y, 9, and (8+a,) phases present after quenching from 
850° C. and 1300° C., respectively; «, is formed at the 
expense of y and 9, and initially 0 tends to transform 
to a, before the y. Similar curves obtain for samples 
quenched from 1100° C., or deformed at subzero tem- 
peratures, 


18/12 Cr-Ni (Alloy 43)—The y phase of the pure 
18/12 alloy is shown by Fig. 4 to be much more stable 
than that of pure 18/8, and even after 250% compres- 
sion at room temperature less than 50% a» has been 
formed. The recrystallized and very large-grained 
samples showed similar transformation characteristics; 
the difference between the curves in Fig. 4 is, however, 
mainly within the limits of accuracy of phase estima- 
tion and may therefore not be significant. It seems 
clear that the similar form of room-temperature curve 
in Fig. 4 is significant for this composition and mode 
and temperature of cold work. Both curves suggest 
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that initially it is easier for slip than transformation 
to occur in the y. Subsequent micro-examination 
led to a slight modification of this explanation. Once 
the transformation has begun, it proceeds very rapidly 
until a maximum is reached ; 7.e., during this stage, 
transformation can occur as easily as slip. There- 
after, further cold work merely causes slip in both 
phases. The virtual cessation of transformation is 
possibly due to the partitioning of the y and its distor- 
tion by excessive cold work. An explanation for the 
change from the stage of easy slip to that of easy 
transformation may be associated with work harden- 
ing or preferred orientation occurring during the 
period of easy slip, so that the latter becomes pro- 
gressively more difficult. It may also be that during 
this first stage small regions of y are being sheared in 
such a way as to form nuclei of «. At a point where 


more such nuclei are being formed than destroyed 
and slip in the y is becoming more difficult, transforma- 
tion proceeds as easily as slip. 

As with the pure 18/8 alloy, a certain compression 
applied at —67° C. gave very much more «, than was 
obtained at room temperature. 


This may be seen by 
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Fig. 4—Effect of compression applied at room temperature, —67° C., and —152°C, on transformation in pure 


18/12 Cr-Ni alloy 43 
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Fig. 5—Effect of temperature of compression on trans- 
formation: alloy 43 (18/12 Cr—Ni) recrystallized at 
850° C. and W.Q. 


comparison in Fig. 4. At the lower temperature, 
transformation proceeds almost immediately with 
deformation. The transformation may proceed more 
readily if a few martensite plates exist to provide 
strain embryos in the adjacent matrix. In their work 
on an Fe-30% Ni alloy, Machlin and Cohen*® have 
shown that on subzero quenching additional marten- 
site (x) plates were formed at the tips or sides of pre- 
existing plates. They explained this by the strain- 
embryo concept. In the 18/12 alloy, small amounts 
of «, were formed on cooling to —67° C. before com- 
pression, whereas under similar conditions at room 
temperature no such martensitic regions were present. 

Compression at —152° C. gave results intermediate 
between those obtained at room temperature and 
—67°C., as in the pure 18/8 alloy. The former 
results are shown in Fig. 4, and the effect of tempera- 
ture in Fig. 5. 


25/12 Cr-Ni (Alloy 46)—Of the three pure alloys, 
the 25/12 Cr-Ni proved to have the most stable y 
both at room temperature and at —67° C., as shown 
in Fig. 6. No transformation y—a«, was detected in 
samples cold-worked at room temperature ; %, was 
observed (magnetically and microscopically) after 
deformation at —67° C., although even at 200% and 
250% compression the extent of transformation 
ya, was only about 12% and 9%, respectively. 
No a, was observed in a sample water-quenched from 
1300° C. after 152°, compression at —152°C. This 
is similar to the behaviour exhibited by 18/8 and 
18/12. No 6 was ever detected in any 25/12 samples. 

The greater stability of the y in the 25/12 than in 
the 18/12 alloy is probably due to the combined 
effects of greater nickel and chromium content in this 
phase in the 25/12 alloy, as previously explained. 


Commercial Alloys : 18/8, 18/12, and 25/12 Cr-Ni— 
Commercial alloys of 18/8, 18/12, and 25/12 Cr—-Ni 
displayed transformation characteristics which bore 
the same relationship to one another as was observed 
in the three corresponding pure alloys ; 7.e., the y in 
the 18/8 was the least stable and that in the 25/12 
was the most stable. All three commercial alloys 
were prior-treated for 1 hr. at 1050°C., W.Q., and 
were cold-worked in compression at room temperature. 
Transformation characteristics were determined by 
X-ray or magnetic methods and the results are shown 
in Fig. 7. The 18/8 and 18/12 alloys were fully 
austenitic as quenched from 1050°C., whereas the 
25/12 was duplex (y+8% 8). The 18/8 alloy in Fig. 
7 shows the same three stages of transformation as the 
pure 18/12 alloy compressed at room temperature. 
The final extent of transformation is somewhat 
greater than in the pure 18/12 alloy but less than in 
the pure 18/8. Furthermore, the commercial 18/8 
alloy requires about 20 times as much cold work as the 
pure 18/8 to produce 20% a, by transformation of 
retained y. Thus, an extra 4% Ni to the pure 18/8 
alloy to give pure 18/12 is just more than equivalent 
to adding 0-12%C, 0-55% Si, 0-34% Mn, 0:34% 
Mo, and 0-029% N. By using Post and Eberley’s!° 
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Fig. 6—Effect of compression applied at room temperature and — 67° C. on transformation in pure 25/12 Cr-Ni alloy 
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empirical equation for determining the nickel equi- 
valent of other alloy additions in a wrought stainless 
steel and using the value of 26 for the nickel equiva- 
lent of nitrogen given by Binder and others," the 
effect of these extra additions in the commercial 18/8 
alloy is assessed as being equivalent to adding 3-6°% Ni 
to a pure 18/8 alloy. This is in fair agreement with 
the transformation characteristics actually observed. 
The y in the commercial 18/12 was found to be very 
much more stable than its pure counterpart. Only 
1-36% a, was detected magnetically after 372% com- 
pression at room temperature. No transformation at 
all was detected by X-ray methods in the commercial 
25/12 alloys up to 140% compression. 

Commercial Alloys: 18/8/Ti and 19/10/0-02 Cr- 
Ni-C—The behaviour of the 18/8/Ti alloy cold- 
worked in compression, shown in Fig. 7, is, as ex- 
pected, intermediate between that of the pure and 
commercial 18/8 alloys, although much more akin to 
the latter, and repeats the three stages of transfor- 
mation. When the carbon is combined with titan- 
ium, the y loses some of its most potent stabilizing 
element and so its stability is reduced in comparison 
with commercial 18/8. As quenched from 1050° C., 
the alloy contained 6% 8, 9°% a», and remainder y. 
After 100% compression at room temperature, trans- 
formation of y to %, was almost complete, as com- 
pared with only 54% transformation in commercial 
18/8 after the same degree of cold work. The trans- 
formation characteristics of the 19/10/0-02 Cr—Ni-C 
alloy, shown in Fig. 7, are similar to those of pure 
18/12, which is reasonable in view of the presence of 
other y-stabilizing elements in the commercial alloy 
in addition to its 10% Ni. 


Effect of Mode of Cold Work on Transformation 
Characteristics of y 

The effect of applying the cold work in tension and 
in compression was investigated in samples of the 
18/8/Ti alloy. The results of the two modes of cold 
work, illustrated in Fig. 7, show that compression 
induces less transformation than tension. These re- 
results are in keeping with the recent work of Kulin, 
Cohen, and Averbach." In studying an Fe—20% 
Ni-0-5% C alloy, these workers found that elastic 
compressive stresses either suppressed the y—>« 
transformation or gave less transformation than 
corresponding tensile stresses ; triaxial compressive 
stresses had a greater effect than uniaxial ones. The 
greater percentage of ferrite observed! in the core 
than in the surface layers of cold-drawn commercial 
18/8 wire may also have been due to different modes 
of cold work ; the drawing operation would develop 
tensile stresses in the core but compressive stresses 
in the surface layers. These effects are discussed later. 
A New Transient Hexagonal Phase in Fe-Ni-Cr Alloys 

X-ray photographs obtained by the grazing inci- 
dence technique and using CoK, X-radiation revealed 
diffractions in addition to those of the normal f.c.c. 
and b.c.c. phases in partially transformed samples of 
the pure 18/8 and 18/12 alloys and also in 18/8 and 
18/8/Ti alloys of commercial production. These 
additional lines have been identified as those of a 
hexagonal phase, which will be referred to as 9. 
Although the diffracting phases by which 6 was 
identified were (1010), (1011), (1012), (1013), and 
(2021), most samples gave diffractions from only 
some of these planes. In general, the low-angle 
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diffractions were the most intense. The appearance 
of the X-ray diffraction spectra of y, «, and @ in 
the pure 18/8 and 18/12 alloys is illustrated in Fig. 13. 
Lattice Constants of y, 0, and a, 

From measurement of the X-ray films, d values 
were calculated for each of the y, x, and @ diffractions. 
The c/a ratio for the 0 phase was obtained from Bunn 
charts and, using the usual formula, the values of a 
and c were derived from this. The following are 
some typical results obtained from a grazing incidence 
photograph of the pure 18/12 alloy which contained 
81% a, after treatment for } hr. at 1400° C. followed 
by water-quenching and compressing by 75% at 
—67° C. (all values are in kX.) : 


a value for@ 2°562 


avalue fory 3:°591 
c/a value for @ 1°585 


a value for a, 2°873 

c value for@ 4:060 
The accuracy of these values is probably not greater 
than 1 in 1000. 

It would seem that § is the same phase as was 
found by Binder?® in a commercial 18/9/0-06 C alloy 
plastically deformed in tension at —110° and —320° F. 
(—79° and —196° C.). 

Relationship of @ with y > a, Transformation 

The formation of the hexagonal phase appears to be 
associated with the ya, transformation and is 
observed whether the latter occurs either directly on 
quenching to, or by cold-working at, room or subzero 
temperature, provided that the y is incompletely 
transformed. In the pure 18/12 alloy, the percentage 
of both «, and @ increased as the quenching tempera- 
ture decreased, indicating a martensitic mode of 
formation for 6. Comparison of this alloy with pure 
18/8 suggests that either the M, of the 0 phase has 
been depressed in the alloy of higher nickel content, 
or 0 formation is dependent on that of a. Cold- 
working both pure alloys at temperatures at which 
a, and @ are formed on quenching results in the fur- 
ther transformation y—«, and the gradual disappear- 
ance of @ until the alloy is single-phase «, (or $+-«,). 
Work on the 18/12 alloy also suggested that 0 could 
be formed by cold work and decomposed by it later. 

The commercial 18/8 and 18/8/Ti alloys consisted 
of y and (y+8+«,), respectively, after quenching to 
room temperature. No @ was detected at this stage. 
In both alloys § appeared (up to 5%) only when the 
cold work applied (in tension or compression) was 
sufficient to bring about some transformation y—«,, 
but soon disappeared, by transforming to a, as the 
amount of cold work (and y—«,) increased, although 
large amounts of y were still present. 

In stably austenitic alloys, the effective absence of 
the transformation ya, was accompanied by an 
absence of 8. The commercial 19/10 alloy could be 
only partially transformed at room temperature, but 
no 8 has yet been found in it. 

If 0 is really independent of y >, a stably austeni- 
tic sample in a state of stress should contain regions 
of hexagonal close-packed (h.c.p.) structure. Since 
such regions were not found, 0 must be associated with 
the transformation y—«,, probably as an intermediate 
stage : thus y>0—>a,. 


Relationship between 6 and y 
A crystallographic relationship between the y and 0 
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phases was indicated by their diffraction lines in any 
one X-ray photograph showing similar spottiness, 
asterism, or diffuseness. Whereas the y and @ phases 
in the pure 18/8 alloy always gave spotty diffractions, 
the «, always gave fairly continuous lines, possibly 
because of its mode of formation. The X-ray diffrac- 
tion characteristics for the y, ¢, and «’ phases observed 
in Fe—Mn alloys* are similar to those for y, 0, and a, 
in pure 18/8 Cr-Ni. Finally, when all the y had been 
transformed to a», all the 0 had likewise disappeared. 

The c value (4-060) for the @ phase is almost exactly 
double the d value (2-079) for the (111) of the y phase. 
These values are akin to those obtaining in cobalt, 
where the d value for the (111) of the « (f.c.c.) phase is 
2-043 and the c value for the @ (h.c.p.) phase is 4-061 
(Ellis and Greiner**). They are also comparable to 
the values 2-070 and 4-079 for the corresponding 
planes in the y (f.c.c.) and ¢ (h.c.p.) phases in Fe—Mn 
alloys.44 The present results would be in keeping 
with the formation of 8 directly from the y by a shear 
mechanism such that (111)y]|(1000)g, as obtains in 
cobalt and in Fe—Mn. 


Effect of Stress on 0 Formation 


Adopting the mechanism proposed by Christian*® 
for the martensitic formation of 8 (h.c.p.) cobalt from 
« (f.c.c.) cobalt, it was postulated that, as a result of 
the ya, transformation, the stresses set up in the y 
matrix surrounding each martensite («,) plate were 
such as to bring about the repeated but highly 
localized conversion of a f.c.c. to a h.c.p. structure. 
As transformation proceeded, the h.c.p. zones would 
themselves be transformed to «, or would be prevented 
from forming by the increasing closeness of the «, 
plates causing stresses acting in opposite directions and 
therefore cancelling one another. 

To test the effect of stress on 0 formation, two 
experiments were carried out. In the first, a sample 
of the pure 18/8 alloy was given 1 hr. at 1100° C. and 
furnace-cooled to room temperature. Only 24% a, 
was formed, compared with 57% in a W.Q. sample, 
and in addition the 0 diffraction lines were consider- 
ably reduced in intensity. The reduction in the 
amount of « is presumably due to the absence of 
quenching stresses. The reduction in the amount of 
§ present might be attributed to the same cause or it 
might be a secondary effect associated with the smaller 
amount of «, present. 

In the second experiment, filings instead of the 
usual block (compression) samples of pure 18/8 were 
treated at 1100° and 1400°C. and W.Q. X-ray 
photographs showed no @ phase after either treatment. 
Furthermore, the sample W.Q. from 1100°C. now 
showed only 40%, of the b.c.c. phase (predominantly 
%, since only 1% 8 was observed microscopically). 
These results suggested that any stresses set up in the 
filings from the quenching itself or as a result of the 
Ya, transformation were relieved by the smallness of 
the particles; 7.e., constraining effects which would be 
expected in a larger mass were considerably reduced in 
the filings, as has in fact been found in an Fe-18-5% 
Mn alloy.4* This is considered as evidence that 0 can 
form as a result of stresses (probably compressive and 
shear) set up in the y by the martensitic formation of 
%. Since, however, 0 can itself be made to transform 
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tO a», it follows that 0 is also an intermediate phase in 
the formation of some «, and possibly of all of it. 


Effect of Low-Temperature Annealing on @ Phase 


Since the e phase in Fe-Mn alloys was known to 
transform to « on tempering at temperatures up to 
450° C.,44 the effect of such treatment on § was tenta- 
tively investigated. Slow cooling to room tempera- 
ture after 72 hr. at 375° C. resulted in the complete 
disappearance of the 0 phase from a pure 18/12 
sample, and a marked reduction in intensity of its 
diffraction lines in a pure 18/8 alloy. These observa- 
tions could be explained either by the transformation 
§-—«, analogous to e->« in Fe—Mn, at 375° C., or by 
this temperature being above the 0-y transformation 
temperature. Further work is required to elucidate 
the matter. 


Analogy between @ Phase in Fe-Ni-Cr and e Phase in 
Fe-Mn Alloys 

The characteristics of § and ¢ are such as to suggest 
a strong analogy between them, and may be sum- 
marized as follows.* Both phases have h.c.p. struc- 
tures44 and are formed by martensitic transforma- 
tion 47 from a f.c.c. ~ phase either by quenching or 
by cold-working.** 47: 48 Both 0 and ¢ are transient 
in character, and so have no place in the equilibrium 
diagrams of their respective alloy systems.‘ 47 
Plastic deformation can transform both phases to a 
b.c.c. « phase? (a in Fe—Ni-Cr, «’ in Fe—Mn alloys) ; 
i.e., plastic deformation can initially form and finally 
decompose ¢ and 9; (y, ¢, and «’) or (y, 0, and «,) can be 
present together after quenching** 47 48 to room or 
subzero temperatures or after limited amounts of 
cold work.44 47. The formation of ¢ and 0 appears to 
be inhibited by the presence of carbon,** but is 
favoured by quenching stresses.44 47 The Widman- 
stitten pattern associated with ¢ 44 47-49 has also 
been observed in samples shown by X-ray diffraction 
to contain 9. What little work®® has been done on 





*References in this section are solely concerned with 
the « phase in Fe-Mn alloys. The characteristics of @ 
are those observed in the present work. 
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Fig. 8—o, ,/temperature curve for alloy 40 (16/8 Cr—Ni) 
after 34 hr. at 850° C., W.Q. 
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Fig. 9—oy 7 temperature curves for alloy 48 (18/8 Cr-Ni) 
after 2 hr. at 850° C., W.Q. 


the magnetic properties of « suggests that the phase 
is non-ferromagnetic. If 6 is ferromagnetic, it is 
certainly weakly so in view of the correlation between 
magnetic and X-ray determination of (%,+8) in the 
pure 18/8 alloy. 
M, Point of y>«, Transformation in Pure 16/8 and 18/8 
Cr-Ni Alloys 

It was hoped to determine the effect of chromium 
on M, with the aid of the Sucksmith balance. By 
means of interrupted heating and cooling, og,7/tem- 
perature curves were obtained for both alloys and 
some of the results are illustrated in Figs. 8 and 9. 
The 16/8 and 18/8 samples were initially in the 850° C. 
W.Q. condition and had 69,13°¢, values of 148 and 100, 
corresponding to 100% and 70% a», respectively. 
The complete transformation of %,—y in Fig. 8 is 
indicated by the non-reappearance of the Curie point 
at about 600° C. on cooling (see p. 418). The og,7/ 
temperature curve on heating for 18/8 was similar to 
that of 16/8. Figure 9a shows the oo,7/temperature 
curve on cooling for 18/8 plotted on the same scale as 
Fig. 8. Figure 96 simply plots the results of Fig. 9a 
on a larger scale, and Fig. 9c is a 615,900, 7/temperature 
curve. The Curie point at about 550° C. in Fig. 9 is 
due to the 1-2% 8-ferrite in the sample. Figures 8 
and 9 indicate a marked hysteresis for the y = « 
transformation. The exact location of M, (y—a,) is, 
however, difficult to determine. If the point of devia- 
tion from linearity on the oo,7/temperature curves 
on cooling is taken as Mg, the values obtained for 16/8 
and 18/8 are 200° and 100° C., respectively. If M, is 
represented by the vertical portions of the curves, the 
values of 100° and 10°C. for 16/8 and 18/8, respec- 
tively, are obtained. In either case, the alloy of 
higher chromium content has the lower Ms, which at 
least qualitatively indicates the effect of chromium. 
Uhlig?4 found the M,; of his pure 18/8 alloys to be 
between 100° and 125°C. The deviation of Fig. 9c 
below about 300°C. may be associated with 6 
formation. 
Isothermal Formation of «, 

It has recently been established that martensite 


can be produced isothermally in certain Fe-base 
alloys.?3: 51-54 =Machlin and Cohen® explain this 
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(a) Alloy 40 (16/8 Cr-Ni): 3 hr. at 850° C., W.Q. 
(b) Alloy 48 (18/8 Cr—-Ni): 1} hr. at 850° C., W.Q. 
Fig. 10—Isothermal martensite («,) formation in Cr-Ni 
alloys aged at 17° C. 


isothermal nucleation by the influence of thermal fluc- 
tuations superimposed on local regions of high strain 
such as would surround existing martensite plates. 
This phenomenon has now also been observed in 
the present work in pure 16/8 and 18/8 Cr-Ni alloys. 
The form of the transformation/time curve is similar 
in each case : an initially very rapid rate of transfor- 
mation is followed by progressively slower rates, as 
was obtained by other workers. The effect, followed 
magnetically, was noted after quenching the 16/8 and 
18/8 alloys to room temperature and ageing, and is 
illustrated in Figs. 10a and b. It was also observed 
by arresting the slow cooling of the 16/8 alloy from 
the y region (860° C.) at 97°, 63°, and 53°C. Iso- 
thermal «, formation at 97° C. is shown by Fig. 11. 


The Transformation «.—y 

To determine whether «,->y occurred at one fixed 
temperature or over a range of temperatures, a sample 
of pure 18/8 water-quenched from 850° C. was placed 
in the Sucksmith balance and subjected to a heating 
cycle as illustrated in Fig. 12. The value of og,r was 
measured at each stage and the results are given in 
Table IV. Since the Curie point of the «, phase is 
about 600° C., cooling back to 464° C. from any tem- 
perature above 600° C. would indicate the percentage 
of «, still untransformed at the higher temperature. 
The continuous decrease in the og,7 value in columns 
4 and 5 represents a continuous transformation «,—-y 
on heating. It can be concluded that «,—y occurs 
over a range of temperatures beginning at about 
500° C., is incomplete at 700° C., and can be completed 
above 800°C. This confirms Uhlig’s** observations. 


Effect of Quenching Stresses on Martensitic Transfor- 
mation of y in Fe-Ni-Cr Alloys 

Attention has already been drawn to the effect of 
quenching stresses on the ya, and y—>§ transforma- 
tions. The results reported in Table V illustrate the 
effect more fully. They were obtained on samples of 
the pure 18/8 alloy. 

The effect of mass is demonstrated by comparing A 
with B, and D with E in Table V ; the sample of 
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Fig. 11—Isothermal martensite («,) formation in alloy 
40 (16/8 Cr-Ni) after } hr. at 860° C., furnace-cooling 
to 97° C., and ageing at 97° C. 


smaller mass transforms lesson quenching. The effect 
of cooling rate is shown by comparing A with C, and 


‘E with F ; the slower the cooling, the less transforma- 


tion is observed. Both conclusions can be summar- 
ized by saying that the extent of martensitic trans- 
formation of y to a, or 0 is greatly influenced by and 
increases with the magnitude of the attending quench- 
ing stresses. This factor may well also influence M, 
determinations. It has generally not been considered 
up till now. 


Microstructures 

Pure 16/8 and 18/8 Cr-Ni—The martensitic laths 
of «, in these alloys had a coarse nature, as observed 
in other pure Fe—Ni-Cr! and Fe-Ni® alloys, and 
illustrated in Fig. 14a. The small amounts (up to 
25%) of y in the 18/8 alloy could not be clearly dis- 
tinguished and were probably present as small isolated 
pools between the a, laths. Hence it was very diffi- 
cult to follow the effect of cold work. By analogy 
with ¢ in Fe—Mn alloys, it is possible that the Wid- 
manstatten structure in Fig. 145 represents the 0 
phase in the 18/8 alloy. This structure was clearly 
identified only in odd regions across W.Q. samples 
(Fig. 14c) and disappeared with cold work ; 8 may also 
have been present in small isolated regions like the y. 
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Fig. 12—Heat-treatment cycle for following the «,—>y 
transformation in alloy 48 (18/8 Cr—Ni) 
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(c) } hr. at 1300° C., W.Q., + 1 hr. at —76° C. 


750 


(b) 1 hr. at 1300° C., W.Q. 


1000 


2-4% C.W.C. at 


c. 


(a) } hr. at 1300° C., W.Q., 
67 


Fig. 14—Microstructure of alloy 48 (pure 18/8 Cr-—Ni), electropolished and etched electrolytically in 10°, aqueous oxalic acid 
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Fig. 15—Microstructure of alloy 43 (pure 18/12 Cr—Ni) after } hr. at 1400 C., W.Q.; electropolished and 
quenched to 
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Table IV 
VALUES OF on p 


Conditions on Heating enue on aa 


to 464° 
Temp., °C. 7 °15,000,7 rT °45,000,7' 
18 97-8 — 

464 70-3 72-5 70-3 72-5 
526 55-5 56-8 65-5 67-9 
564 40-1 40-5 56-5 58-1 
607 15-8 17-9 32-0 33-4 
637 3-4 9.8 28-0 28-4 
666 0 0 20-0 21-5 
686 0 0 13-2 22-2 
699 0 0 14.2 18-8 


Pure 18/12 Cr-Ni—Typical austenitic structures 
were observed in untransformed samples. Figures 
l5a and 6 illustrate the effect of quenching a large- 
grained fully austenitic and electropolished sample to 
—196°C. The martensitic structure which appeared 
on the electropolished face was shown by X-ray to 
contain 17% a, 12%, 0, and remainder y. The a, 
formed by cold work appeared as sharply defined 
laths nucleated at grain or twin boundaries or ran- 
domly within the grains. The non-uniform extent of 
transformation between one grain and another and 
its occurrence in alternate twin bands, as in Fig. 16a, 
suggested that transformation was dependent on the 
orientation of the grain in relation to the direction of 
the applied cold work ; 7.e., there was probably a 
critical resolved shear stress for transformation of 
each y grain. Applying 33° compression at —67° C. 
to a sample W.Q. from 1400° C. caused the formation 
of 67°, %», the laths of which extended fully across the 
y grains. Figure 16b shows only the ends of these 
laths in two adjacent grains. After 154% compres- 
sion at —67°C., 91% a, was present, the structure 
being as in Fig. 16c. This shows considerable distor- 
tion of the «, laths. 


Pure 25/12 Cr-Ni—As quenched from 1300° or 
900° C. to room temperature, this alloy showed a 
duplex microstructure of (y+38% 8) or (y+22% 8), 
respectively. Treatment at 900°C. subsequent to 
1300° C. had resulted in the partial transformation of 
5’, as described elsewhere*! and illustrated in Fig. 
17a, although after 1 hr. at 900°C., the y and y’ 
phases probably had the same composition. Figure 
176 illustrates the y, 5, and «, phases observed in a 
sample W.Q. from 1300° C. after 209% compression 
at —67°C. 


Commercial Alloys—Apart from having a smaller 
austenitic grain size than the pure alloys, and show- 
ing smaller isolated pools of 9$-ferrite in duplex 
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Fig. 18—Work hardening of alloy 48 (18/8 Cr—Ni) 


material, these alloys revealed no unusual micro- 
structural features. The «, formed by deformation 
had the same clearly defined lath form as in the pure 
18/12 alloy. 
Work Hardening of the Alloys 

Hardness measurements with a Vickers diamond 
hardness machine using a 10-kg. load were carried out 
on the electropolished transverse sections of samples 
used for X-ray or micro-examination. The relation- 
ship between hardness and deformation for all the 
alloys is illustrated in Figs. 18-20. The work- 
hardening properties of the alloys can be explained in 
terms of alloy constitution and deformation tempera- 
ture. The fully martensitic (x) pure 16/8 Cr—Ni alloy 
showed the smallest extent of work hardening, in- 
creasing from 251 D.P.N. after 1300° C. W.Q. to only 
291 D.P.N. after 296° compression at room tempera- 
ture. This low work hardening of the «, phase at 
room temperature would explain why the pure 18/8 
alloy in Fig. 18 work-hardened less than any of the 
other alloys in Figs. 19 and 20 for the same amount of 
deformation. If the room-temperature work-harden- 
ing curves for the pure 18/12 alloy in Fig. 19 are com- 
pared with their corresponding transformation charac- 
teristics (see Fig. 4), it will be seen that work hardening 
is not primarily related to the formation of «,, since 
both recrystallized and large-grained samples initially 
harden considerably, even though very little «, is being 
formed. The greater intrinsic work-hardening capa- 
city of y is further illustrated in Fig. 20a, where the 
commercial 18/12, 25/12, and 19/10/0-02 alloys harden 
to almost the same extent after 50°% compression and 
still remain 90-100°% austenitic. Thereafter the 
19/10/0-02 alloy work-hardens more, probably owing 
to the formation of an «, phase containing ~0-02%% 
of carbon in solution. The commercial 18/8 alloy 
attains the highest hardness probably because, in addi- 
tion to the work hardening of the y, it forms an a, 
phase containing about 0-05-0-1% of carbon in solu- 
tion. The 18/8/Ti alloy in Fig. 206 also work-hardens 


Table V 
EFFECT OF QUENCHING STRESSES ON y>a, AND y>?@ TRANSFORMATIONS 


Sample 
: Compression cylinder, wt.~0-5 §. 
: Filings, each of wt. <0-001 ¢. 
Compression cylinder, wt.~0-5 §. 
: Compression cylinder, wt.~0-5 g. 
: Sucksmith balance sample, wt. 0.0064 ¢. 
: Same sample as E 


OO bh 


Initial Mode of Phases Present (By X-ray), %, 
Temp., °C. Cooling (5 +a) 6 y 
1100 Ww.Q. 57 19 24 
1100 w.Q. 40 0 60 
1100 F.C. 24 3 73 
850 w.Q. 62,69 .3* 18 20 
850 w.Q. 44.3* 2 m! 
850 F.C. 8* 


*Value determined by Sucksmith balance. 
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Fig. 19—Work hardening of alloys 43 (18/12 Cr-—Ni) 
and 46 (25/12 Cr-Ni) 


rapidly initially, but the curve soon flattens out owing 
to the almost complete transformation of the y to a 
very low-carbon a«,, and the latter’s low work- 
hardening capacity as in the pure 16/8 and 18/8 alloys. 
Figure 206 also shows the work hardening to be 
independent of the mode of cold work and, as compari- 
son with Fig. 7 shows, to have only a secondary rela- 
tionship with «, formation. The effect of decreasing 
deformation temperature is to increase the rate of 
work hardening, although this may, to some extent, 
be related to the readier formation of %. Pure 18/12 
samples equally deformed at —67° and —152°C. 
work-hardened to almost the same extent. 

It can therefore be concluded that the extent of 
work hardening of Fe—Ni-Cr alloys of the foregoing 
type is determined by two possible factors : 

(i) The high work-hardening capacity of the y phase 
(ii) The formation of a, if any. 
The hardness of the latter phase increases with its 
carbon content, although the phase as such work- 
hardens very little. 


Non-Equilibrium Nature of «, in Fe-Ni-Cr Alloys 


When filings of fully transformed («,) pure 16/8 and 
18/8 Cr—-Ni material were treated in vacuo for 72 hr. at 
375° C. and slowly cooled to room temperature, an 
austenitic phase was precipitated in small amount in 
both alloys. This suggested that «, represented only 
a stage in the approach to equilibrium at room tem- 
perature and below and that the two-phase field (y+«) 
in Fe-Ni alloys extended some way into the Fe—-Ni-Cr 
ternary diagram. 

DISCUSSION 
Relation between Austenite Stability and Alloy Content 

One of the first things to be noted in the present 
work is the difference in austenite stability between 
pure and commercial alloys in the composition range 
18-25% Cr, 8-12% Ni, when compared at the same 
temperature. A rough knowledge gained of the M, 
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and Mg points of the alloys helped to explain their 
a, transformation characteristics. 

Studying the effect of alloying elements on M, 
systematically, it is found that the addition of 8% and 
12% Ni to pure iron lowers the M, of the y—>« trans- 
formation from 910° to about 560° and 470° C., respec- 
tively. The addition of 18% Cr to alloys containing 
8% and 12% Ni, as in the present work, has been 
shown further to lower the M, of the y >a, transforma- 
tion to temperatures of about 10-50° C. and between 
room temperature and —76°C., respectively ; like- 
wise, in the presence of 18% Cr, an increase in Ni con- 
tent from 8% to 12% also markedly lowers Mg, con- 
firming the French work?’. If the Cr content is 
reduced from 18% to 16% in the presence of 8% Ni, 
the effect is to bring about complete transformation of 
the y to a on quenching to room temperature. This 
occurs because the alloy of lower chromium content 
has a higher Ms, as thermomagnetic work con- 
firmed. The fact that no M, was detected in the 
25/12 alloy down to —196°C. can possibly be attri- 
buted to a Ni and Cr content in the y of more than 
12% and 18%, respectively, owing to alloy concentra- 
tion in the y and 8 phases. A comparison of pure 
with corresponding commercial alloys showed that: 

(i) For the 18/8 alloys, the effect of the additional 
elements in the commercial alloys was to depress Mg 
below room temp., as compared with 10—50° C. for the 
pure alloy ; Ma was above room temp., for both 

(ii) When the carbon in a commercial 18/8 alloy was 
combined as TiC, the effect was to raise Ms to above 
room temperature, so that 9%a, was observed on 
quenching to room temperature ; i.e., uncombined 
carbon had formerly depressed Mg 

(iii) For the commercial 18/12 and 25/12 alloys, Ms 
was below room temperature, as in the pure alloys. 
The effect of deformation and its temperature of 

application on the metastably austenitic alloys must 
also be viewed in relation to the M, and M, points. 
Thus, cold work applied to the pure 18/8 alloy at room 
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temperature or below would always be at a tempera- 
ture below M,, whereas cold work applied to the pure 
18/12 alloy at room temperature was at a tempera- 
ture above M, and below My. In the case of deforma- 
tion applied below Mg, the transformation would be 
facilitated by the greater free-energy difference be- 
tween the y and «, phases than would obtain for defor- 
mation at a temperature between M, and My. Thus, 
very much less cold work was required to bring about 
the same amount of transformation in the pure 18/8 
than in the pure 18/12 alloy at room temperature. 
Although this readier transformation occurred for the 
thermodynamic reasons given, it may also have been 
due to a smaller energy barrier for the transformation 
associated with the alloy of lower nickel content. 
Although both 18/12 alloys were fully austenitic on 
quenching to room temperature, the great difference 
in their transformation characteristics suggests that 
room temperature was well below Mg, for the pure alloy 
and only just below My for the commercial material ; 
i.e., the additional impurities in the latter were de- 
pressing My. This difference between these two 
alloys was maintained even at —67°C., where the 
commercial alloy had transformed only 20% after 
260° compression, whereas pure 18/12 samples had 
transformed 90% after 200% compression. 

It would therefore seem that the primary effect of 
alloying elements added in the above-mentioned 
amounts, and so far as the y—>«, transformation was 
concerned, was to depress the M, and Mg, points. 
The observed increase and subsequent decrease in 
extent of transformation with increase in deformation 
temperature may be a combined effect of temperature 
and mode of deformation. Andrade and Henderson*® 
have observed similar behaviour for the work harden- 
ing of f.c.c. metals over similar ranges of temperature. 
The relationship observed between transformation and 
deformation in tension 2* 56 certainly shows a devia- 
tion from linearity at subzero temperatures, and com- 
pression has now been shown to induce less trans- 
formation than tension. 


Crystallographic Aspects of y->«, Transformation 


If the y>6 and §->«, transformations are such that 
(111),||(0001),, as in cobalt®? and Fe-Mn*, and 
(0001),||(110)c,, as in zirconium ’ and lithium $, the 
eventual (110)a, would be parallel to the original (111),, 
which is the same relationship as obtains for the 
direct transformation y—«, (the Nishiyama relation- 
ship). There is thus the possibility of a transformation 
f.c.c.>b.c.c. through an intermediate h.c.p. stage. 

Deformation in compression has been shown to 
cause less transformation than that in tension. Two 
possible reasons are suggested for this difference. 
The first is associated with the expansion accom- 
panying the formation of the «, phase, which would be 
resisted by the compressive stress. This resistance 
would be a maximum along the compression axis. 
The easiest direction of expansion would be lateral. 
In the tensile sample, the expansion could occur in all 
three directions, which would therefore assist the 
transformation. The second factor is that of the 
preferred orientation of the y lattice which develops 
with cold work. Since f.c.c. metals develop different 
textures in tension from those in compression, the 
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orientation of the habit or other planes involved in the 
transformation y-—>, will also be different relative to 
the direction of applied cold work. Resolved shear 
stresses on these planes may be greater in tension than 
in compression and so favour transformation in the 
former. 


SUMMARY AND CONCLUSIONS 

(1) Pure 16/8, 18/8, 18/12, and 25/12 Cr—Ni iron- 
base alloys have been prepared and their constitutions 
determined after quenching from elevated to room and 
to subzero temperatures. The 16/8 alloy had trans- 
formed fully and martensitically from y to «, by the 
time it had reached room temperature. The 18/8 
alloy was almost fully transformed under the same 
conditions, and in addition revealed a new phase of 
h.c.p. structure, transient in character, analogous to 
the ¢ phase in Fe—Mn alloys, and here called 6. The 
18/12 and 25/12 alloys were fully austenitic and 
duplex (y+), respectively, on quenching to room 
temperature, but the former underwent partial trans- 
formation to «, and § at subzero temperatures. 

(2) The metastability of austenite on quenching to 
room temperature or subzero temperatures is related 
to alloy content such that both nickel and chromium 
depress the M;, Mg, and Mr of the y—«, transforma- 
tion when present together. 

(3) The effect of cold work was to transform meta- 
stable y to a, or (x +9). The extent of transforma- 
tion with cold work can be used as a criterion for y 
stability only in so far as it indicates the degree of 
undercooling below My. The extent of transforma- 
tion increased with cold work and lower temperature, 
although less transformation could be induced by 
compression at —152° than at —67° C. 

(4) The marked difference in y stability between 
pure and commercial alloys can be related to the 
depressing effect on M, and Mg of the additional 
alloying elements (carbon, nitrogen, manganese, etc.) 
in the commercial alloys. 

(5) Samples deformed in tension transformed to a 
greater extent than those deformed equally in com- 
pression. Compressive stresses oppose the volume 
expansion accompanying the transformation and may 
also orientate the y less favourably than tensile 
stresses, so reducing the effective resolved shear stresses 
available for the transformation. 

(6) The occurrence of the 0 phase as an intermediate 
stage in the transformation y—«, offers another me- 
chanism for the crystallography of the latter change. 

(7) The extent of martensitic transformation of y 
to a, or @ was found to increase the greater the 
quenching stresses. 

(8) Isothermal martensite formation of a, was 
observed in both quenched and furnace-cooled pure 
16/8 and 18/8 alloys. 

(9) No stabilization effects could be detected in any 
of the pure alloys. 

(10) A hysteresis of about 400-800 C. deg. was ob- 
served for the y=a, transformation in the pure 16/8 
and 18/8 alloys. The transformation «,—y occurred 
over the range 500-800°C., and not at one fixed 
temperature. 

(11) The microstructure of «, formed by quenching 
in the pure 16/8 and 18/8 alloys was akin to that 
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observed in Fe-Ni alloys. The a, phase formed by 
deformation occurred as laths on the crystallographic 
planes of the y. Coarse-grained samples revealed 
that the «, could be nucleated at grain or twin boun- 
daries or randomly within the grains. The existence 
of a critical resolved shear stress for the ya, trans- 
formation was indicated. 

(12) The extent of work hardening of Fe-Ni-Cr 
alloys of the foregoing types is proportional to the 
percentage of the high work-hardening f.c.c. y phase 
present and the carbon content of the martensitic «, 
phase formed, if any. 
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Radioactive Determination of Gas Flow 


in Large Ducts 


is desirable to know the air flow through ducts, 

chimneys, etc. It is sometimes impossible to use 
the normal methods because there is not a sufficient 
length of straight pipe or because there are high and 
varying temperatures, as in blast-furnace and open- 
hearth installations. Also, where a few checks 
rather than a continuous record are required, the 
plant may be so large that it is uneconomical to install 
orifice plates or Venturis. 

Known quantities of chemically inert gases can be 
introduced into the system and the rate of flow can 
be calculated from the change in gas analysis. To 
obtain sufficient accuracy it is generally necessary to 
add appreciable quantities of tracer gas ; this involves 
difficulties in introduction and may affect the condi- 
tions of gas flow. 

The radioactive tracer method has been developed 
to overcome these difficulties. Minute traces of 
radioactive gas can easily be measured quantitatively, 
and therefore only a small volume of tracer need be 
used. 

One method using a constant concentration of 
tracer in the gas stream has been described.) 2, When 
large gas flows have to be measured this method 
necessitates using appreciable quantities of tracer 
gas which, of course, must be introduced at a constant 
rate. A pulse method has now been adopted in which 
the tracer gas is introduced suddenly and the mixed- 
gas stream is sampled. 


I heavy industries there are many occasions when it 


PRINCIPLE OF METHOD 


A known amount of radioactive gas is introduced 
suddenly into the duct and simultaneously gas 
samples are taken at a position downstream of the 
insertion point. The samples are taken over equal 
time intervals (1-10 sec., as necessary), but samples 
must be taken consecutively until it is certain that the 
last trace of radioactive gas has passed the sampling 
point. The samples are assessed quantitatively to 
determine the activity per unit volume of the gas, and 
the gas flow in the duct can then be calculated. The 
gas samples are collected over water at atmospheric 
temperature, and hence the flow obtained is that of 
the saturated gas at atmospheric temperature and 
pressure. Dry sampling techniques could be used if 
necessary (¢.g., using rubber bladders). 
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SYNOPSIS 


It is sometimes desirable to know the gas flow in large ducts or 
chambers when operating at high temperatures and under high or 
reduced pressures. Usual methods, such as Pitot-tube surveys, 
may not be convenient owing to the geometry and conditions of the 
installation. A radioactive tracer method is described which is 
applicable, provided that two positions can be chosen such that 
adequate mixing occurs between them. 

A pulse method is used, which gives, in addition, information 
on the transit time through the system, indicating whether there 
is appreciable recirculation or a clean sweep-through. 939 


When the results are plotted for the successive gas 
samples the transit time of the gas between the point 
of injection of the tracer gas and the sampling point 
can be determined.? 

Radon is used as the tracer gas because it is readily 
available and cheap and will not enter into chemical 
reactions when passing through high-temperature 
regions. The quantity of radon used is relatively 
small ; 5 me., occupying a volume of much less than 
1 c.c., is sufficient to measure a gas volume rate of 
12,000,000 cu. ft./hr. 

A single sample could be taken over the complete 
duration of the passage of the pulse, provided that 
the entire sample was adequately mixed before it (or 
a portion of it) was assessed for radioactivity, but 
there could then be no determination of the transit 
time. 


LIMITATIONS OF METHOD 


Radon is readily adsorbed by active charcoal at 
atmospheric temperatures. If deposited carbon is 
present in the ducts the method would be expected 
to be unreliable if the temperature is below about 
70° C., and it would be better to use gases with a lower 
atomic weight, such as radioactive xenon or krypton. 
These gases are not available cheaply, and should 
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observed in Fe—Ni alloys. The «a, phase formed by 
deformation occurred as laths on the crystallographic 
planes of the y. Coarse-grained samples revealed 
that the a, could be nucleated at grain or twin boun- 
daries or randomly within the grains. The existence 
of a critical resolved shear stress for the ya, trans- 
formation was indicated. 

(12) The extent of work hardening of Fe-Ni-Cr 
alloys of the foregoing types is proportional to the 
percentage of the high work-hardening f.c.c. y phase 
present and the carbon content of the martensitic a, 
phase formed, if any. 
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Radioactive Determination of Gas Flow 


in Large Duets 


is desirable to know the air flow through ducts, 

chimneys, etc. It is sometimes impossible to use 
the normal methods because there is not a sufficient 
length of straight pipe or because there are high and 
varying temperatures, as in blast-furnace and open- 
hearth installations. Also, where a few checks 
rather than a continuous record are required, the 
plant may be so large that it is uneconomical to install 
orifice plates or Venturis. 

Known quantities of chemically inert gases can be 
introduced into the system and the rate of flow can 
be calculated from the change in gas analysis. To 
obtain sufficient accuracy it is generally necessary to 
add appreciable quantities of tracer gas ; this involves 
difficulties in introduction and may affect the condi- 
tions of gas flow. 

The radioactive tracer method has been developed 
to overcome these difficulties. Minute traces of 
radioactive gas can easily be measured quantitatively, 
and therefore only a small volume of tracer need be 
used. 

One method using a constant concentration of 
tracer in the gas stream has been described.1: ?, When 
large gas flows have to be measured this method 
necessitates using appreciable quantities of tracer 
gas which, of course, must be introduced at a constant 
rate. A pulse method has now been adopted in which 
the tracer gas is introduced suddenly and the mixed- 
gas stream is sampled.® 


[ heavy industries there are many occasions when it 


PRINCIPLE OF METHOD 


A known amount of radioactive gas is introduced 
suddenly into the duct and simultaneously gas 
samples are taken at a position downstream of the 
insertion point. The samples are taken over equal 
time intervals (1-10 sec., as necessary), but samples 
must be taken consecutively until it is certain that the 
last trace of radioactive gas has passed the sampling 
point. The samples are assessed quantitatively to 
determine the activity per unit volume of the gas, and 
the gas flow in the duct can then be calculated. The 
gas samples are collected over water at atmospheric 
temperature, and hence the flow obtained is that of 
the saturated gas at atmospheric temperature and 
pressure. Dry sampling techniques could be used if 
necessary (é.g., using rubber bladders). 
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SYNOPSIS 


It is sometimes desirable to know the gas flow in large ducts or 
chambers when operating at high temperatures and under high or 
reduced pressures. Usual methods, such as Pitot-tube surveys, 
may not be convenient owing to the geometry and conditions of the 
installation. A radioactive tracer method is described which is 
applicable, provided that two positions can be chosen such that 
adequate mixing occurs between them. 

A pulse method is used, which gives, in addition, information 
on the transit time through the system, indicating whether there 
is appreciable recirculation or a clean sweep-through. 939 


When the results are plotted for the successive gas 
samples the transit time of the gas between the point 
of injection of the tracer gas and the sampling point 
can be determined.* 

Radon is used as the tracer gas because it is readily 
available and cheap and will not enter into chemical 
reactions when passing through high-temperature 
regions. The quantity of radon used is relatively 
small ; 5 me., occupying a volume of much less than 
1 c.c., is sufficient to measure a gas volume rate of 
12,000,000 cu. ft./hr. 

A single sample could be taken over the complete 
duration of the passage of the pulse, provided that 
the entire sample was adequately mixed before it (or 
a portion of it) was assessed for radioactivity, but 
there could then be no determination of the transit 
time. 


LIMITATIONS OF METHOD 


Radon is readily adsorbed by active charcoal at 
atmospheric temperatures. If deposited carbon is 
present in the ducts the method would be expected 
to be unreliable if the temperature is below about 
70° C., and it would be better to use gases with a lower 
atomic weight, such as radioactive xenon or krypton. 
These gases are not available cheaply, and should 
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Fig. 1—Diagram showing application of method 


they become available it would be necessary to adopt 
a different counting method, but their use should be 
considered. However, experiments on ducts in works 
installations at atmospheric temperature have not 
indicated any adsorption of radon. 

There must be no leak out of the system from the 
point of introduction of radon up to the point where 
mixing is complete, and no leak into the system from 
this point to the sampling point. A leak out after 
mixing does not matter, but the gas flow measured 
will be the gas flow at the point of complete mixing. 
Figure 1 illustrates this point: A is the point of 
introduction of the radon, and B is the main duct 
which can have leaks into the system. The latter can 
have any number of bends, and can include high- 
temperature reactions or a fan, provided that the 
gases are well mixed at C. The volume at C is that 
to be determined. The gas sampling point is at D. 
If a point FZ, such that only part of the stream passes 
it, is used as the gas sampling point, the flow rate 
calculated will still be the flow rate at C. If it is 
desired to measure the actual flow rate at HE, the 
radon must be introduced after the stream has 
divided—say at F (provided that mixing occurs be- 
tween F and £). 

There must be intimate mixing of the radon and 
the gas to be measured. This can usually be achieved 
by careful choice of introduction and sampling points. 


RADON INTRODUCTION 


In previous work to determine the transit time of 
gas through a blast-furnace,* a pulse of radon was 
introduced into the system by exploding a detonator 
to which a gold capillary tube containing the radon 
had been attached. This method of introduction 
was tried, but the results indicated higher volumes 
than were expected and it was shown that only about 
half of the radon was liberated on explosion, the 
remainder being resealed in the gold fragments. 
Since in that case only transit times were being 
measured, this was of no consequence, and in any case 
the gold fragments would have melted immediately 
in the tuyere zone of the furnace. It is essential when 
measuring gas volume rates that the total activity 
of radon released is known accurately. Experiments 
were carried out with the radon contained in glass 
seeds, but on explosion much of the radon was retained 
by adsorption on the debris from the detonator and the 
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glass particles. Glass seeds broken mechanically did 
liberate all the radon, but the use of glass as a con- 
tainer was not favoured, owing to the B-radiation 
hazard and the reduced accuracy to which the 
activity could be controlled when filling the seeds. 

Methods based on melting the gold seed by the use 
of thermite were also investigated but were not found 
to be very promising. The liberation of radon by 
mechanically breaking nicked gold seeds 2 cm. long x 
0-15 mm. bore x 0-3 mm. wall thickness containing 
radon at atmospheric pressure was then investigated. 
The nick was made to half the wall thickness at the 
centre of the seed, and by bending sharply a clean 
break was obtained. Tests showed that after 10 sec. 
about 25%, of the radon still remained in the tube. 
The radon was then sealed in the nicked capillary 
under a pressure of 5 atm., and when broken over 99% 
of the radon was liberated in 10 sec. This method of 
liberation was adopted and was found to be satis- 
factory in operation. 

The method of breaking the seed is shown in Fig. 2. 
The radon seed is positioned through the hole in the 
central movable rod and its ends are clamped. The 
rod is oscillated and gives a double bend to the seed, 
breaking it at the nick. Two types of seed breaker 
were used : in one the rod was moved mechanically 
by a Bowden cable, and in the other the impulse was 
given electrically through a solenoid. 


EXPERIMENTAL PROCEDURE 


The sample point is chosen such that its distance 
from the radon injection point is sufficient to allow 
intimate mixing of the radon with the gas flow to be 
measured. If there is any doubt, samples taken 
simultaneously at different levels in the main in a 
preliminary experiment will test the efficiency of the 
mixing. 

The sampling system consists of a length of }-in. 
dia. gas pipe inserted roughly to the centre of the 
main and connected to a small-capacity pump to give 
a flow of about 2 cu. ft./min. The outlet of the pump 
is connected to the movable arm of the sampling pan 
shown in Fig. 3. This arm can move freely under the 
sampling bottles, made up from 3-in. dia. steel tubing, 
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Fig. 2—Method of liberating radon 
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Fig. 3—Gas sampling pan 


previously filled with water, and the gas samples are 
collected by displacing water from the bottles. The 
sequence of operations is to clean and oil the pump, 
connect it to the sampling probe and pan and adjust 
the flow to the required amount, switch off the pump 
and position the probe in the main, lower the seed 
breaker into position, switch on the pump, start 
sampling and simultaneously break the seed. It 
is found that, provided that these precautions are 
taken, the pump will deliver an even flow of gas from 
the main over the entire sampling period. The 
sampling bottles are used for the specified time inter- 
val (usually 10 sec.), and enough samples are taken to 
cover the full length of the radon pulse at the sampling 
point. Care must be taken to obtain a good gas seal 
where the probe enters the main and to ensure that 
the system to the pump is free from leaks. 

Each sample is then transferred to a numbered 
conical flask. The flasks, previously charged with a 
known volume of activated charcoal, are evacuated 
and then connected to the taps at the top of the 
sampling jars. A sight glass is fitted to each jar and, 
by observation of the change in water level, the 
volume of gas taken into the conical flask can be 
measured. 

The flasks are allowed to stand for about 3 hr., 
after which time the radon gas is fully adsorbed on 
the charcoal (more than 95% of the radon is adsorbed 
in 1 hr.). This charcoal is then transferred to small 
tins and allowed to stand for a further 2 hr. to allow 
the maximum y-radiation intensity to develop. To 
assess the radioactivity in the samples the tins are 
positioned accurately in a lead castle, housing a 
scintillation counter, and are counted for the required 
period. The activity of each sample is determined 
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Fig. 5—Radon distribution : typical experimental result 
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by comparing its count with that obtained from a 
0-l-uc. radium standard in which the radium is 
evenly dispersed over kieselguhr contained in an 
identical tin. This method of sampling, distributing 
the radon throughout the volume of the tins, ensures 
that the counting geometry with each sample and 
the radium standard is the same. A scintillation 
counter is used to estimate the radon activity because 
it has a high counting efficiency and therefore gives a 
reduction in time of counting compared with a Geiger 
counter for the same statistical accuracy. 

Due allowance is made for the decay of the radon 
from the time when the seed strength was measured 
and also for the background count. The counting 
time for each sample is determined by the activity of 
the sample and the accuracy required. 


CALCULATION OF RESULTS 


After mixing a pulse of radon into a turbulent gas 
flow in a long pipe, a concentration distribution along 
the pipe, as shown in Fig. 4, is obtained. 

If consecutive samples of gas are taken, the same 
curve will represent the distribution with respect to 
time of sampling. Since samples are taken for finite 
times an average concentration over the time of 
sampling is obtained. Figure 5 shows a typical result 
obtained when measuring the rate of flow of the waste 
gases from an open-hearth furnace. In this case the 
radon was introduced at the top of the outgoing 
checker and five 10-sec. samples were taken from the 
stack culvert just before the entrance to the waste- 
heat boilers. 

An amount of 333 ye. was introduced into the 
stream and was found to be mixed to give an average 
concentration, over the 50 sec. considered, of 0-0411 
uc./eu. ft. Hence, the volume passing in 50 sec. is 
333/0-0411 cu. ft. and the rate of flow in the stack is 
583,000 cu. ft./hr. A full analysis of this treatment 
is given in the Appendix. 


ACCURACY OF THE METHOD 


The accuracy is directly dependent upon the 
measurement of the activity of the radon seed and 
the activity of the samples. As supplied, the activity 
of a seed is known within +3°% and accurate correc- 
tions can be made for decay. 

If the samples and the background are counted for 


JOURNAL OF THE IRON AND STEEL INSTITUTE 
Cc 








as 


426 VOICE, BELL, AND GLEDHILL: RADIOACTIVE DETERMINATION OF GAS FLOW 


the same time, the standard deviation in the net 
counting rate is »/(n+-b), where n is the sample count 
and b is the background count. By choice of initial 
activity and counting time, the counting error can be 
readily maintained below +1%. 

The activity of the samples is determined by com- 
parison with a radium standard. An error in estima- 
tion of the standard, although it does not affect the 
variance of the volume measurements, would give a 
definite percentage error to all the results. The known 
content of radium introduced into the standard is 
quoted as +10%, but check volume measurements, 
described in a later section, show that the actual 
radium content of the standard is close to the esti- 
mated value. 

Measurements of sampling time and sample volumes 
can be obtained to better than 2% accuracy, and it is 
therefore considered that, so long as adequate mixing 
is effected, the results should be accurate to about 
45%. 

The method of measuring gas flows was developed 
to measure unknown flows in the checkers, culverts, 
and flues of an open-hearth furnace. To increase 
the confidence in the results obtained, experiments 
were carried out on selected ducts in iron and steel- 
works where the flows were known independently. 
The ducts were chosen to represent a wide range of 
operating conditions. 


Air Intake to Open-Hearth Furnace 


Air taken from the atmosphere was blown by a fan 
through a main to the checkers. The air volume was 
measured by an orifice plate positioned in the air intake 
to the fan to an estimated accuracy of +3%. A5-me. 
radon seed was broken at the air inlet and samples 
were taken from the main before the checkers. The 
reversing butterfly valve was outwardly well sealed, 
so that there was little or no leakage into the system. 
The fan ensured that the radon was adequately mixed 
and the result obtained was 7610 cu. ft./min., com- 
pared with the meter reading of 7560 cu. ft./min. 


Sinter Plant 

A diagrammatic representation of the system is 
shown in Fig. 6. The system before the fan was 
under about 16 in. W.G. suction ; 5 mc. of radon was 
introduced in the windleg farthest from the fan and 
samples were taken in the culvert after the fan at the 
base of the stack at about 150°C. and atmospheric 
pressure. Adequate mixing was again apparent and 
the results obtained were compared with the suction/ 
volume characteristics of the fan. Since leakage 
before the fan can only be into the system the volume 
figures obtained are those at the fan. 

The result obtained by the radon method was 
12,500,000 cu. ft./hr., whereas the estimated volume 
from the fan characteristics was 12,000,000 cu. ft./hr. 


Air Flow to Blast-Furnace 


The air flow to the furnace is measured by an orifice 
plate at the air intake to the turbo-blowers. A 5-mc. 
radon seed was burst at the inlet to the blowers and 
the samples were taken at the inlet to the ring main 
on the furnace, where the air temperature was 800° C. 
Since the system from the blowers to the furnace was 
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at about 15 lb./sq. in. pressure, there was only leakage 
from the system after adequate mixing by the turbo- 
blowers and the result obtained was the blast volume 
at the blowers. Two experiments carried out at an 
air-meter reading of 2,160,000 cu. ft./hr. gave results 
of 2,250,000 and 2,270,000 cu. ft./hr., respectively. 

From calculated errors and check measurements 
under these three widely differing conditions it is con- 
sidered that the method is capable of determining gas 
volumes to an accuracy of +5%. 


CONCLUSIONS 


A technique has been developed for the measurement 
of large gas flows using radon gas. The method is 
independent of gas temperature and pressure and the 
geometry of the system. A requisite is that the 
radon must be intimately mixed with the gas, and so 
short pipes and bends are not a disadvantage for this 
technique. 
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APPENDIX 


A Area of flue at the sampling point at right- 
angles to direction of flow 


an Volume of gas crossing A per unit time, cu. ft., 
sec. 

C Concentration of radon in gas, me./cu. ft. 

t Time from some arbitrary zero before introduc- 


tion of pulse. 
G Count obtained from a volume of gas sampled. 
Quantity of radon, in mc., crossing area A ; 1.e., 
the quantity of radon introduced into the 
gas flow. 
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Fig. 6—Introduction of radon and and sampling position 
for determination of air volume passing through 
sinter fan 
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Consider a steady turbulent flow of gas past a 
sampling point in a perfectly sealed flue. The flow 
across the cross-section of the flue through the 
sampling point and to the direction of flow per unit 
time is constant. 

A pulse of radon is introduced into the flow over a 
short interval of time, at some point such that 
thorough mixing takes place. The concentration of 
radon then varies along the direction of flow but not 
over the cross-section considered, 7.e., at any instant 
the concentration of radon over the cross-section is 
constant. 

The concentration at the cross-section containing 
the sampling point will vary with time in some 
manner such as that shown in Fig. 7. The quantity 
of radon crossing the section in time 8¢ is 

CV dt. 

Consider a finite time ty to (tg+ At). Suppose a con- 
tinuous sample is taken of the gas passing the sampling 
point over this period at a constant sampling rate. 
Then the average concentration of this sample will be 


‘eo + At 
[eva 
t = Ch, 


0 
At 





The total quantity of radon crossing A in time At 
will be 


o + At » + At 
fovea = V, fo-a = V.C;, At. 
t t 


Then the total quantity of radon crossing A 


Q = DV 4 Cr At 
0 


ao 
— Vid Cn At. 
0 


If from a gas sample a volume JV; is taken, the 
count obtained from this sample is 


Gy, = Kye-Ct,- Vi,» 
where k,, is a constant depending on counter geo- 
metry and efficiency : 
@ 
Va Sete. ay. 
kge V2, 


4.¢6.,Q = 


0 
The constant ky, may be determined by use of a 
radium 0- luc. standard ; 
Gra = Kye X 10+ 
where Gr, is the count obtained from the standard. 
If separate samples of the gas are taken over 











CONCENTRATION OF 
RADON C, _me./eu. ft. 





TIME t,sec. 


Fig. 7—Variation with time of radon concentration at 
sampling point 
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consecutive intervals of time, and k,,, At, and Vt, 
are kept the same for each sample, 


QxV4>G. 


It is found to be simpler experimentally to allow 
Ve, to vary and to take 


QaV,>G 


calculating G’ from G’ = G/V. 


Thus Q=k/, >@, subject to the following 
conditions : 

(i) That the rate of sampling over each period At 
is constant 

(ii) That At is constant from sample to sample 

(iii) That Ve, can be accurately determined 

(iv) That the volume V¢, of gas is evenly dispersed 
over a specific volume in relation to the counter; 
4.€., that Kye is constant 

(v) That the counter efficiency is constant. 

Condition (i) is found to hold using pumps of the 
correct capacity which are thoroughly cleaned and 
oiled after each experiment. Condition (ii) is fulfilled 
since At is of the order of 10 sec. and can be accurately 
timed. 

The volume V;, is measured by the rise of water 
level in a sight glass connected to the gas sample 
bottle. 

Condition (iv) is fulfilled by adsorbing the radon 
from V;, on a specific volume of active charcoal which 
is placed in a standard tin and counted under condi- 
tions of constant geometry. 

Condition (v) is obtained by counting all related 
samples consecutively over a period of about 2 hr. ; 
during this period no significant changes in counter 
efficiency occur. This is checked by occasional 
counts of the radium standard. 

This treatment is for steady turbulent flow. Con- 
sider streamline flow where the gas velocity progres- 
sively increases from the wall to the centre of the 
duct. For the method to be applicable, turbulent 
flow must obtain somewhere in the system so that 
the radon can be thoroughly mixed. In the region 
where the flow pattern changes to streamline a set of 
stream tubes may be considered to draw gas from a 
reservoir (the turbulent region). 

The quantity of radon drawn into any tube will 
be directly proportional to the mean velocity in the 
tube, 7.e., 

Qr, =1. Vn, 
where / is a constant depending on the input activity 
and the total rate of flow. 

The proportion of gas passing along the tube which 
is sampled will be inversely proportional to the mean 
velocity of the tube. Therefore 

Q sampled = m7, 
V7, 
= lm, 
where m is a constant depending on the sampling 
rate and the total rate of flow ; 7.e., the quantity of 
radon sampled is independent of the stream tube 


from which the sample is taken, and hence the same 
relation holds for streamline and turbulent flow. 
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Internal Temperature Distribution 


in the Cooling and Reheating 


of Steel Ingots 


By R. J. Sarjant, 0.B.E., D.Sc., and M. R. Slack, B.Eng., Ph.D. 


SYNOPSIS 


The thermal history of steel ingots from casting to rolling has 
been investigated by combining a technique developed for the 
numerical integration of the heat-flow equation in two dimensions 
with experimental work on various casting and reheating practices. 
Track time and reheating practice are related to the thermal 
efficiency and the temperature saturation necessary for good rolling. 
An expression is derived for the optimum track time which results 
in the most rapid equalization of surface and centre temperature, 
although the limiting factor in the reheating for rolling may be the 
attainment of uniformity of surface temperature. 901 


HE economical production of steel ingots depends 
T on the correct choice of the variables of opera- 
tion—track time, heating time, and rate of heat 
input. One of the factors which the ingot manufac- 
turer and soaking pit designer require in order to 
assess the optimum value of these variables is the heat 
content of the ingot at any time between casting and 
rolling. This paper presents a method by which the 
thermal history can be calculated, and from the 
results obtained indicates how track time and reheat- 
ing practice are related to thermal efficiency and the 
temperature saturation necessary for good rolling. 
The steels investigated are low-carbon rimming or 
balanced steels, since these are not subject to the 
stringent metallurgical conditions of alloy or high- 
carbon steels where thermal economy must be a 
secondary consideration. The method described 
could, however, be applied to such steels if desired. 


PREVIOUS WORK 


The direct measurement of ingot temperatures 
throughout the process presents great experimental 
difficulties. In spite of this a variety of methods 
have been used to evaluate the thermal history during 
the period of ingot cooling. 





Manuscript first received 27th October, 1953, and in 
its final form on 23rd February, 1954. 

Dr. Sarjant is Emeritus Professor of Fuel Technology 
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Pour-Out Tests 


A knowledge of the movement of the solidification 
front during freezing can be obtained by bleeding in- 
gots at different stages of their solidification. The 
results of such tests have been reported by Matu- 
schka,) 2 Chipman and FonDersmith,? Nelson,* and 
Spretnak.’ Measurements of skin thickness were 
made and results indicated that the thickness of the 
frozen skin is proportional to the square root of the 
time from casting. Errors are likely to arise when 
liquid metal is trapped in the dendritic crystal growth. 


Mould Temperature Measurements 


A method to explore thermal history, based on 
mould temperature measurement, has been used by 
Matuschka,! 2: § Mackenzie and Donald,’ the Hetero- 
geneity of Steel Ingots Committee,*. * and Brancker, 
Fowler, Savage, and Stringer.!~13 The mould is used 
as a calorimeter to determine the quantity of heat 
lost from the solidifying steel. By suitably integrating 
the mould temperature, the heat gained by the 
mould can be found, and on adding to this the heat 
‘lost from the outer surface of the mould, the heat 
lost from the steel is obtained. The all-important 
temperature distribution, however, can only be 
deduced by making assumptions of values of emis- 
sivity of steel and mould, the shape of the solidification 
front, and the nature of the temperature distribution 
through the solid steel skin. 


Formal Mathematical Solution 

Several formal mathematical treatments have been 
proposed based on the analytical solution of the dif- 
ferential equation of unsteady-state heat flow. The 
work of Russell,!* Schwarz,!® and Lightfoot!® 17 has 
been based on this approach. Such solutions are 
valuable for their indication of the effect of certain 
variables, but the results are often vitiated because of 
possible invalid assumptions on which the method is 
based. 


Machine Methods of Solution 
Machines using an equivalent electrical circuit 
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Fig. 3—Mesh size used for calculations on 8-ton ingots 
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SECTION AA EQUIVALENT RECTANGULAR SECTION 


it Fig. 2—Cross-section of 8-ton slab ingot mould, and equivalent rectangular section 
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applied to the heating and cooling of ingots have been 
used by one of the authors (R:J.8.) (Jackson et al.'®) 
and Paschkis.!® The results obtained were very good 
and the method is exceptionally rapid, but for any 
other than the simplest cases complicated networks 
are necessary. 


Ingot Reheating 

Little work appears to have been done apart from 
that of Chegwidden,”° who measured the temperature 
of hot frozen ingots during reheating, and Heiligen- 
staedt,24 who calculated suitable relationships between 
heating time and track time. 


OUTLINE OF THE PRESENT METHOD 


Any heating or cooling process is capable of being 
expressed by the differential equation of transient 
heat flow. In the present problem, where the heat 
flow is essentially two-dimensional, this equation is 


cali) o [,,00 é 20 
ot ~ ae( Kae) + dy (5) 
where 0 is the temperature at time ¢ at a point having 
co-ordinates x, y in a material of specific heat c, den- 
sity ep, and thermal conductivity K. 
To solve this equation a numerical technique has 
been used which is based on the integration of the 
equation when expressed in finite difference form. 


Method of Solution using Finite Differences 


The principles of numerical integration have been 
long established. The work of Schmidt” dates back to 
1924. Comprehensive descriptions of their use in solv- 
ing heat-flow problems have been given by Hulse, Price, 
and Sarjant* who investigated the reheating of ingots 





*At the Third and Fifth B.I.S.R.A. Conferences on 
the Design and Operation of Mill Furnaces, in 1949. 


Table I 
SUMMARY OF TRIAL DATA AND RESULTS FOR 8-ton INGOTS 


Results based on integration (1) and arranged in order of increasing Track Time 


























Time of Time of Time of } severe urface — Maximum Tempera- v 
Trial Stripping "i ae Charging ee oe. emma ture Difference = Semeeeate on 
No. ture at Drawing, Drawing, Drawing, 
min. after casting ™ - - 

1* 75 78 256 53 53 1328 

3 92 98 116 275 29 34 1277 
(S8 and S3) 

6* 112 117 342 37 37 1327 

2 105 112 129 303 28 29 1343 
(S3 and S9) 

4 109 112 131 380 45 45 1316 

7 130 134 160 430 30 30 1257 

5 126 134 163 435 19 19 1294 

















*Ingots charged straight to soakers from casting pit. 
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by this method. The application ISOO si iad aidan “Ww rT yt TRIAL ; ] 
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— \ 
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temperat \ 
perature ae Le+—> Centre (9) 


to ingot cooling and reheating is 
described in detail inthe Appendix. 
The method consists essentially of 
dividing into a suitable mesh or 
lattice the ingot cross-section in 
which the temperature distribu- 
tion is to be investigated. The 
finite distances between the mesh 
points are used in conjunction 
with finite time increments to 
express the heat-flow equation 
algebraically. These finite-differ- 
ence equations are applied success- 
ively at each point in the mesh, 
and a ‘step by step’ procedure 
results. The heat content or tem- 
perature at zero time is used to 
obtain the distribution one time 
increment later, and so on 
successively. 900+ 

Stability and Accuracy—A crit- 
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ical feature of this process is the 
control of the stability and ac- 
curacy of the successive ‘steps’ 
that are taken in the course of 
the integration. To ensure that 
the solutions are stable, i.e., that 
they do not oscillate as they develop, the magnitude 
of the space and time increments must be suitably 
chosen by reference to stability criteria which have 

been developed. 

Accuracy, defined as a close agreement with the 
analytical solution, is also desired. This depends on 
the choice of finite-difference form and the number of 
mesh points used. 

It was found that a mesh using three points between 
the surface and centre of the steel and two mesh points 
across the mould, as in Fig. 3, gave results little 
different from those obtained with much finer meshes. 
The labour involved is approximately proportional to 
the cube of the number of mesh points, and using this 
mesh 5 min. of the ingot time history before stripping 
could be computed in about 1 hr. 

A method of investigating stability has been de- 


990 120 


ISO 180 2IO 240 270 ISO 180 210 240 270 300 
TIME FROM CASTING, min 


Fig. 5—Time/temperature curves from charging to drawing for trials 


1 and 2 on 8-ton ingots 


scribed in a previous paper,”? together with a com- 
parison of the accuracy and stability of various finite- 
difference forms. As a result of this early work, the 
finite-difference forms and stability criteria used in 
the present work were chosen. These are discussed 
in the Appendix. Using these stability criteria for 
the two-dimensional mesh, the maximum allowable 
values of the time increment at each mesh point were 
computed. By employing the smallest of these 
values, stability was ensured. 

Allowance for Variable Thermal Properties—Varia- 
tion of thermal properties was accounted for by the use 
of a modified temperature scale suggested by Eyres et 
al.,24 and latent heat was added to specific heat at the 
melting point. 

An inaccuracy due to the effect of latent-heat evolu- 
tion is that, owing to the finite mesh size, it is possible 


Table II 
SUMMARY OF TRIAL DATA AND RESULTS FOR 6-ton INGOTS 


Results based on integration (2) and arranged in order of increasing Track Time 



































Stripping | Charging ‘Ready’ Drawing Temperature at Ready Average Ingot 

Trial Time Time Time Time or Draw, ° C Maximum Temperature Temperature 

No. Difference at Drawing, ° C. at Drawing, 
min. after casting Surface Centre i 

| 

8 50 68 a 218 1266 1338 72 (surface to centre) 1296 
13 54 70 — 175 1373 1354 28 (surface to S5) 1353 
12 57 75 — 185 1377 1322 55 (surface to centre) 1347 
9 56 84 -- 175 1306 1278 44 (surface to S5) 1282 
10 65 90 o 185 1311 1322 11 (surface to centre) 1311 
15 85 103 269 (322) 1339 1244 i ee a an 1298 
14 75 120 oe 293 1306 1280 28 (centre to "S5) 1301 
11 100 129 -= 295 1345 1200 145 (surface to centre) 1287 
18 115 155 400 (505) 1276 1213 63 ( ” » ) 1253 
16 97 163 420 (457) 1267 1227 40 (ws * e 3 1258 
19 109 173 395 (452) 1280 1191 | or aa 1259 
17 80 234 — 489 1345 1200 145 ( 9 ” o ) 1288 
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Conditions at Mould/Steel 
Interface—The mould and steel 
are initially in good thermal 
contact and the heat transfer 
is by conduction. As the steel 
solidifies it contracts and breaks 
away from the mould, and a gap 
is formed across which the heat 
transfer is mainly by radiation. 
The finite-difference equations 
can again be modified to deal 
with either of these two modes 
of heat transfer, and calcula- 
tions were performed to see 
what effect the time of gap for- 
mation had on the temperature 





-— ig veh of distribution some time later. 
900H- Initial Conditions—On cast- 
ing, the steel surface freezes 
instantly and the mould tem- 
OOhLiztistis tit bata tii tid ttt tJ =©6perature rises. The movement 





180 240 300 360 420 120 180 240 300 150 2I0 270 330 390 450 of such a suddenly altered 


TIME FROM CASTING, min. 


Fig. 6—Time/temperature curves from charging to drawing for trials 


3-7 on 8-ton ingots 


for the solidification front to remain at one mesh point 
for so long that steady-state conditions are apparently 
set up in the frozen skin. This inaccuracy, which is 
discussed in a separate paper shortly to be published, 
has been found to be governed by the dimensionless 
group L/(M-+1)c0’, where L is the latent heat, c the 
specific heat, 0’ the difference in temperature between 
the liquid centre and the surface of the conductor, and 
M the number of mesh points inside the material. 
The inaccuracy does not arise if L/(M-+-1)cO’ is not 
very much greater than 0-3. For an ingot cooling 
in a mould, 0’ is about 500° C. and the value of the 
dimensionless group is fortuitously only about 0-4. 
Conditions at Outer Surface of Mould—At these 
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surface temperature into the 
mould or ingot mass can be 
shown by dimensional analysis 
to be given by 

Kt 

¢p 

where d is the distance affected in time ¢ in a material 
of specific heat c and density pe, and b is a constant 
which later is cancelled out. The use of this expres- 
sion in conjunction with a heat balance between the 
mould and steel enabled the temperature distribu- 
tion instantaneously attained on casting to be deter- 
mined. 

After Stripping—For the stripped ingots, new heat- 
loss coefficients were computed to allow for the slightly 
different configuration factors, and when the ingot was 
charged to the soaking pit the rate of rise of surface 


a= 6 
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774 sean deat wen TIME FROM CASTING, mn. 
ap The technique of numerical integration discussed 
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\ heat has gone will not be in error 
* ! 
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very small effect on the distribution of heat within rectangular cross-section is reproduced in Fig. 3. The 


the ingot up to the stripping time. After stripping, : 
Sas Saeek: Sa andi Sok tae cent dha tine. belore mesh points are labelled for subsequent reference. 
charging, and again an average value of the surface Integrations Performed 


heat flux is used, although if labour is no object this Three integrations Sains performe in Wie the 


need not be done 


(viii) After charging to the soaking pit a uniform 


assumed time of gap formation and method of repre- 


‘surface temperature is assumed. <A rapid equalization senting the interface heat flux were varied. Calcula- 
of surface temperature is in fact attained, except at the tions were made using gap formation times of 0 and 3 


bottom and corners of the ingot 


(ix) Longitudinal heat flow is neglected. Spretnak® 
has suggested that for ingots of normal sizes cooling 


min., so as to measure the effect of gap formation, and 
both an accurate and an approximate form of inter- 


in a mould the effect of bottom solidification is present face flux were used. A comparison of results obtained 
for only about 15°, of the ingot height, and some with the latter variation not only tests the validity of 


tests by Matuschka* showed that a distance from the h i 8 1 A 
bottom equal to the ingot radius is affected by vertical the approximation but also gives a measure of the 
freezing. Chegwidden® found a temperature differ- effect of emissivity and the neglect of gap conduction 


ence, between the top and middle of the 
ingot axis, of only 20°C. at the time of 
drawing from the soaking pit. The 
assumption, therefore, appears to be 
justified. 


‘THERMAL HISTORY OF AN 8-ton INGOT 
BETWEEN CASTING AND STRIPPING 


‘Thermal Properties 


The average steel composition was 
0-089% C, 0-0305% 8, 0-014% P, 
0-337% Mn, 0:064% Ni, 0-032% Sn, 
and 0-114% Cu. This analysis is close to 
steel No. 2 of the Alloy Steels Research 
Report,” 8 which gives values of thermal 
conductivity and heat content. Values of 
thermal conductivity above 1200° C. and 
heat content above 1300° C. were obtained 
by extrapolation. The latent heat of 65 
cal./g.2® was added to the heat content at 
the freezing temperature of 1500°C. The 
casting temperature was 1540 + 10° C. and 
the initial mould temperature was taken 
as 30°C. The density of the steel, given 
as 7-856 g./c.c. in the Alloy Steels Research 
Report, applies to the sample of killed steel 
on which the thermal properties were 
evaluated. Iningot practice generally the 
density of rimming steel is normally less 
than this, owing to blowholes and cavities. 
The cavities are distributed along the rim 
but mainly at the top and bottom of the 
axis. Since, therefore, the heat conducted 
through the ingot is mainly through a zone 
of high density, and since values of heat 
content and thermal conductivity are not 
known for any other than solid steel, the 
value of 7-856 g./c.c. has been used. 

The average mould composition was 
375% C, 1-6% Si, 0-06% P, and 1-00% 
Mn. The heat content of the mould iron 
was obtained from data supplied by 
Hatfield,*° and the density and thermal 
conductivity were obtained from values 
determined (for iron No. 1A) by Pearce, 
Morgan, and Donaldson.*4 


Casting Arrangement and Mesh Size 

A drawing of the mould cross-section, 
and the dimensions at the mid-height 
assuming a rectangular shape, are shown 
in Fig. 2. The mesh size used on the 
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Fig. 10—Time/temperature curves from charging to drawing 
for trials 8-11 on 6-ton ingots 
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on the subsequent internal temperature distribu- 
tion. 
The integrations carried out were : 
(1) Based on 3-min. gap formation and approximate 
representation of interface flux 
(2) Based on 3-min. gap formation and accurate 
representation of interface flux 
(3) Based on 0-min. gap formation and accurate 
representation of interface flux. 


Results for Cooling Between Casting and Stripping 
The temperatures at the centre and middle of the 
iong face (points 89 and S3 in Fig. 3) of the slab ingot, 


as calculated by the three different numerical integra- 
tions, are plotted against time in Fig. 4a. 


The centre temperatures for both calculations with 
a 3-min. gap time were identical and differed only 
slightly from the centre temperature for the case of 
instantaneous gap formation. The centre was com- 
pletely solid after 158 min. The surface tempera- 
tures in the three cases were also similar once the effect 
of differing initial conditions had died away. In 
every case a rise of about 50° C. in surface tempera- 
ture was obtained. 

In Fig. 4b the average steel surface temperature 
calculated as a space mean is plotted against time from 
casting. The small variation in the different integra- 
tions is again shown, but the rise in temperature 
shown in Fig. 4a is not so marked except immediately 

following gap formation, when 
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\ | TRIAL 13 insulated and heat was flowing 
° from the hot core to the surface. 
Figure 4c shows the interface 
7 heat flux Q, as computed in 
the different methods ; some 
results obtained by Fowler and 
sal Savage!* for the same type of 
ingot are included for com- 
parison. The small error intro- 
duced by the form of repre- 
sentation of heat flow across 
the gap is again apparent. 

If the mould and steel inter- 
7 face temperatures were fixed, 
the approximate form of repre- 
senting the interface heat flux 
4 would give an error of about 
20% in the heat flux, when 
emissivity varies as in Fig. 1. 
In the unsteady state, however, 
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THERMAL HISTORY OF AN 
8-ton INGOT BETWEEN 
STRIPPING AND ROLLING 


Experimental Procedure 


A number of trials were car- 
ried out in which the times of 
stripping, placing on the bogie, 
charging, and drawing from the 
soaker were noted. The tem- 
perature distribution at the 
time of stripping was taken 
from the pre-stripping calcula- 
tions, and the integration con- 
tinued until the time of charg- 
ing, using time increments 
which just stepped out the 
correct times between strip- 
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Fig. 11—Time/temperature curves from charging to drawing for trials 


12-15 on 6-ton ingots 
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ping, placing on the bogie, and 
charging. All trials were car- 
ried out on moulds initially 
below 50° C. 
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normally at about 20 min. after 





\ TRIAL 16 
1300 


1200 


1100 





TRIAL 17 charging. All measured tempera- 
tures were corrected for emissivity 
and calibration errors. 

Soaking-Pit Heat Balance—From 
a knowledge of the thermal history 
of the ingots, and data on furnace 
performance, it was possible to study 
the effect of ingot conditions on 
soaking-pit behaviour. The soaking 
pits used for the reheating were 
Salem tangentially fired and Amsler 
Morton bottom-fired pits. The fuel 
used was raw producer gas. In some 
trials, air and gas flow rates were 
recorded together with flue gas tem- 
peratures as measured by a rare- 
metal thermocouple in the waste- 
gas exit. This thermocouple had 
{,.[} previously been calibrated using a 
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additional data, heat balances on 
the soaking pits were evaluated, and 
by dividing the heating period into 
several time intervals the variation 
of thermal efficiency with heating 
time was found. 


Results Between Stripping and Rolling 

The trial data and results, which 
will be discussed later, are summar- 
ized in Table I. Times of stripping, 
placing on the bogie, charging, and 
drawing are shown together with the 
average ingot temperature and tem- 





- perature variation at rolling. 














~ Effect of Gap Formation Time— 
The manner in which the effects of 
gap formation become unimportant 
as track time increases can be seen 
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which are plotted in Fig. 5. 
In addition to measured surface 


Fig. 12—Time/temperature curves from charging to drawing for trials temperatures, Fig. 5 shows the tem- 


16-19 on 6-ton ingots 


Temperature Measurements—After charging, the 
surface temperature was measured with an optical 
pyrometer by an operator standing behind a shield on 
the edge of the soaking pit. Readings were taken 
with the air and gas cut off and while the soaking pit 
cover was being moved back. There was a period of 
about 2 sec. in which the ingot could be seen clearly 
after all the hot gases had left the pit and before the 
surface temperature started to’fall. Unfortunately, 
by this means only one reading of surface temperature 
could be taken, and that on the side of the ingot facing 
the centre of the pit. It was observed, however, that 
a uniformity of surface temperature was attained very 
rapidly. No temperatures were recorded until the 
ingot and soaking pit were almost at the same tem- 
perature as observed by an optical pyrometer, when 
reflected radiation from pit walls and roof would not 
give spurious readings. This uniformity was attained 
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peratures of points S8 and S9 as cal- 

culated using the pre-stripping condi- 

tions of integration (1), 7.e., a 3-min. 
gap and approximate interface flux. Also shown 
are the centre temperatures that result when the 
calculations are based on integrations (2) and (3) (7.e., 
accurate heat-flux representation and 3-min. and 
0-min. gap formation, respectively). In trial 2, 
which was representative of normal practice, the 
two integrations gave identical centre temperatures 
at rolling, whereas in trial 1, where the ingot was 
stripped 75 min. after casting, the centre temperatures 
as calculated on the basis of the two times of gap for- 
mation differed by 24° C. 

In Fig. 6 the results for trials 3-7 are shown as part 
of the experimental record. These were based on 
pre-stripping calculations, employing 3-min. gap for- 
mation time and approximate interface heat flux (7.e., 
integration (1)). 

In all these trials the heating period was taken as 
starting when the last ingot was charged and finishing 
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Fig. 13—Equivalent rectangular cross-section of 4-ton 
ingot and mould, showing mesh size (dimensions 
in centimetres) 


when drawing commenced. The surface temperature 
was assumed to remain constant during the short 
period between charging the trial ingot and the start 
of heating, unless any temperatures were measured 
which indicated the slight fall or rise of surface tem- 
perature that may have occurred in this time. 


COOLING AND REHEATING OF 6-ton INGOTS 


Thermal History Before Stripping 

The ingots were cast in moulds set on bogies. The 
steel composition was similar to steel No. 3 of the Alloy 
Steels Research Report,?’: 2° and the mould analysis 
was again similar to iron No. 1 used by Pearce, Morgan, 
and Donaldson.*| The mesh size used is shown in 
Fig. 7 and the integration employed the accurate 
representation of interface heat flux, assumed a 3-min. 
gap formation time, and, to increase accuracy, used 
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Fig. 15—Steel surface and centre temperatures for 
4-ton ingot between casting and stripping 


double the number of mesh points shown in Fig. 7 for 
the first 8 min. after casting. 

In Fig. 8 are plotted the space mean mould and 
steel surface temperatures during the pre-stripping 
period. After the sharp rise of steel surface tempera- 
ture following gap formation, an almost constant tem- 
perature of 950° C. was obtained up to 80 min. after 
casting, falling to 900° C. at 150 min. from casting. 
The calculated temperatures at the centre and middle 
of the long face of the ingot are shown in Fig. 9, to- 
gether with some optically measured mid-surface 
temperatures observed at the instant of stripping of 
several different ingots. 

The surface temperature showed a similar variation 
to that observed for the 8-ton ingots, and complete 
solidification occurred 133 min. after casting. 

Results of the Integration After Stripping 

The data and results of trials 8-19 are summarized 
in Table II and the integrations are presented in the 
time/temperature curves of Figs. 10-12. 

In addition to surface and centre temperatures, the 
temperature of point S5 has been included as typical 
of the temperatures between the surface and centre of 
the ingot during reheating. In trials 9, 13, and 14 a 
peak temperature occurred at point S5 at the time of 
rolling. Excellent agreement was obtained between 
calculated and measured mid-surface temperatures 
between stripping and charging. This provided a 
valuable check on the accuracy of the results and was 
a convincing feature of the value of the mathematical 
method used. Although the surface temperature 
curves were often quite irregular as a result of gas 
reversals and drawing or charging of other ingots, a 
sharp variation which often occurred towards the end 
of the heating period as the automatic gas control 
came into operation was very effective in securing an 
extremely good temperature equalization. 
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bogie cast, the composition of both 
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TRIAL 21 steel and mould being the same as in 


the case of the 6-ton ingots. The in- 
tegration was simplified, since with a 
square ingot and mould only one-eighth 
of the cross-section had to be consid- 
ered. Instantaneous gap formation 
was assumed. The average mould and 
steel surface temperatures are plotted 
in Figs. 14 and 15. ‘Figure 15 also 
shows the calculated mid-surface and 
centre temperatures of the ingot, to- 
gether with some observed mid-surface 
temperatures. The close agreement 
between these calculated and observed 
results confirms the existence of an 
almost constant ingot surface temper- 
ature during the period of cooling in the 
mould. This is surprising and unex- 
pected, and at the outset the calculated 
results were doubted for this reason. 
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Fig. 16—Time/temperature curves from charging to drawing for 


trials 20 and 21 on 4-ton ingots 


Slight modifications to the experimental procedure 
outlined for the 8-ton ingots were as follows. The 
reheating was carried out in Priest regenerative soak- 
ing pits fired with blast-furnace gas. Although the 
bogie casting system facilitated the measurement of 
surface temperatures at stripping and during the sub- 
sequent cooling, it was not always possible to observe 
surface temperatures at the time of charging. Accord- 
ingly the calculated temperature has been used in the 
construction of the curve of surface temperature 
during reheating. Charging was intermittent and 
the ingots were often not drawn until some time after 
they were pronounced ‘ ready ’ for rolling. Therefore, 
the surface temperature has been taken to start rising 
immediately after charging, and in those trials where 
rolling was delayed the integrations have only been 
carried out up to the time at which the ingot was 
‘ready.’ 

THE COOLING AND REHEATING OF 4-ton 
INGOTS 
Thermal History Before Stripping 


The equivalent cross-section and mesh size of the 
ingot and mould are shown in Fig. 13. The ingots were 


Results of the Integration After Stripping 


Thermal History—Table III summar- 
izes the trial data and calculated re- 
sults, and the time/temperature curves 
from stripping to drawing are presented in Figs. 16 
and 17 for trials 20-24. 

The agreement between observed and calculated 
mid-surface temperatures between stripping and 
charging is not so close as for the 6-ton ingots. This 
is because the heat loss on the open face of the ingot 
on which the optical pyrometer was sighted was, for 
the 6-ton ingot, nearer the average heat loss used in 
the cooling calculations than it was for the 4-ton ingot. 


DISCUSSION 
Accuracy of Calculated Temperature Distribution 


The steel surface temperatures obtained showed a 
slight rise during solidification. This would occur if, 
as a result of the high temperature gradient between 
the liquid core and the surface, the heat flow could not 
be dissipated across the gap between the mould and 
the steel. Such a rise could also be the result of inac- 
curacies arising from the calculation of latent-heat 
dissipation. However near the numerical solution 
may be to the true solution, it may still differ from the 
actual conditions pertaining, because of the inade- 
quacy of any of the simplifying assumptions. 


Table III 


SUMMARY OF TRIAL DATA AND RESULTS FOR 4-ton INGOTS 
Results based on integration (3) and arranged in order of increasing Track Time 












































Strippin Chargi * Ready’ D: i 
Trial Time . Time» Time Time r elpeenee a+ Average Ingot 
at Ready at Ready Maximum Temperature Temperature 
No. or Draw, or Draw, Difference at Drawing, ° C. at = 
min. after casting Mass : ‘ 
20 30 60 — 120 1276 1291 19 (surface to S5) 1274 
22 47 78 174 (400) 1323 1236 87 (surface to centre) 1288 
23 44 90 225 (342) 1273 1205 68 (SCs, $9 9 1250 
24 60 109 324 (387) 1328 1274 pa ( ® ” « 1308 
21 109 141 —- 349 1322 1247 TON as ~~ » ?) 1295 
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Fig. 17—Time/temperature curves from charging to drawing for trials 22-24 on 4-ton ingots 


That the effects of gap formation die away is shown 
from the results of trials 1 and 2. The results are 
therefore indicative of the effect of different times of 
gap formation, although if two such ingots were heated 
together not quite the same temperature rise would 
be obtained. 
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Fig. 18—Solidification rates 
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The similarity of the results obtained using the 
different representations of interface flux supports the 
assumption of constant emissivity made by other 
workers and indicates the relative unimportance of 
conduction across the gap. 

It was apparent from a study of the results obtained 
on different mesh sizes together with measured tem- 
peratures that the calculated temperature distribution 
may have been up to 70° C. in error before stripping. 
This error decreased as the time from casting in- 
creased, until at rolling the average temperature of 
the ingot was not more than 20°C. in error. The 
results computed on fine and crude meshes but 
using the same measured surface temperature differed 
by less than 8° C. at rolling, and since the crude mesh 
introduced great errors which had small effect, it 
may be concluded that at this stage the difference 
between the measured surface temperature and the 
core temperature was accurate to about 8° C. 


Solidification Rate 

Figure 18 shows the distance solidified, measured 
perpendicularly to the long face of the ingot, plotted 
against the square root of the time from casting. Two 
points were available for each ingot, corresponding to 
the complete solidification of the centre, and the 
solidification at a mesh point halfway between the 
surface and centre indicated when half the latent 
heat had been evolved at that mesh point. The re- 
sults of other workers are included for comparison, 
including those of Fowler and Savage!» '* for the 
8-ton ingot cast in a mould initially at 30° C. 

The earliest safe stripping times for the 8-, 6-, and 
4-ton ingots were found in practice to be 75, 50, and 
30 min., respectively. The. corresponding skin thick- 
nesses then existing were directly proportional to 
ingot weight and can be approximately represented 
by the equation x, = 2 + 2-5J, where x, is the 
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Rolling 


al For satisfactory rolling, a certain 
degree of temperature uniformity both 
throughout the ingot section and over 
its surface is required. In practice the 
a necessary heating time is related to the 
. track time by an empirical rule. Thus, 
for the 8-ton ingots the rule is: 
seal Heating time (hr.) = track ee (hr. ) 
= ir. 
Attainment of Surface Temperature 
_ Uniformity—Many ingots required 
heating times in excess of this to 
produce the necessary uniform temper- 
ature all over the surface. The corners 
and bottom edge of the ingot were the 








12¢ 240 


TIME FROM CASTING, min, 


Fig. 19—Time/temperature curves from casting to drawing for 
trials 8, 9, and 11, for 6-ton ingots (see Fig. 10) 


minimum safe skin thickness (cm.) and J is the 
ingot weight (tons). 


Optimum Track Time 


It was apparent from a study of the time/tempera- 
ture curves from charging to drawing (Figs. 5, 6, 10, 
11, 12, 16, 17) that there was an optimum track time 
for which the centre and surface temperatures ap- 
proached each other most rapidly. The heating time 
required to produce any desired temperature differ- 
ence through the ingot was then a minimum. Ingots 
charged before this optimum time required excessive 
heating because of the time taken for the centre to 
become solid, and this solidification was retarded by 
the high surface temperature. Long track times, on 
the other hand, resulted in solidification before or 
soon after charging. The centre temperature then 
dropped rapidly and heat was required to raise it 
again to rolling temperature. 

This is illustrated in Fig. 19, which shows the time/ 
temperature curves from casting to rolling for trials 
8, 9, and 11 on 6-ton ingots (7.e., Figs. 9 and 10 com- 
bined). Thus, in trial 8 the ingot with a track time 
of 68 min. required 59 min. longer heating time than 
the similar ingot in trial 9, which had a track time of 
84 min. Even then, the degree of temperature uni- 
formity obtained was better in trial 9 than in trial 8. 
Trial 11, on the other hand, is typical of the results of 
excessive track time, and to reheat the cooled centre 
a heating time of 166 min. was required. 

Similarly, the 8-ton ingot in trial 1 with 78 min. 
track time was heated for 19 min. longer than the 
ingot having a track time of 116 min. in trial 3. 
Trials 4, 5, and 7 are again typical of excessive track 
time. 

The optimum track time which gave most rapid 
temperature equalization was about 120, 90, and 60 
min. for the 8-, 6-, and 4-ton ingots, respectively. It 
was therefore proportional to ingot weight and can 
be approximately represented as to», = 157, where 
topt is the optimum track time (min.) and J is the 
ingot weight (tons). 
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ae! 
50° last part of the surface to reach satis- 
factory uniformity. It can be seen from 
the reheating curves for the 8-ton 
ingots (Figs. 5 and 6) that the centre 
and mid-surface points were at or near 
rolling conditions for some time before drawing. 
Thus, the limiting factor in the reheating of the 8-ton 
ingots was the attainment of surface temperature 
uniformity. The 4- and 6-ton ingots, however, were 
drawn without having a long soaking period. This 
may be because the same uniformity of surface 
temperature either is not required or is more easily 
obtained with smaller ingot sizes. 


Occurrence of Maximum Temperature Difference— 
The maximum temperature difference through the 
ingot when rolled was generally between the surface 
and centre, although in cases where track time was 
short a peak of temperature occurred at intermediate 
points. The lowest recorded average temperatures 
at rolling were 1272°, 1253°, and 1229° C. for the 8-, 
6-, and 4-ton ingots, respectively, and the maximum 
difference was 53° C. for the 8-ton ingot, 145° C. for 
the 6-ton ingot, and 75° C. for the 4-ton ingot. 

All the trial ingots rolled satisfactorily, however, so 
the conditions calculated at rolling are not necessarily 
limiting. 


Schedule for Optimum Efficiency 


To obtain maximum pit availability and fuel 
economy, ingots should be charged at the optimum 
track time. This is particularly important when 
uniformity of surface temperature is not a limiting 
factor in the reheating time. To obtain the maximum 
mould life, however, the ingots should be stripped at 
the earliest possible moment, and this time does not 
coincide with the optimum track time. 

The best schedule appears to be to strip the ingot 
as soon as possible, and if by the time it is charged 
the track time is not the required optimum, a slow 
rate of heat input initially will allow temperature 
equalization to occur as a result of heat flow from the 
core. Such a controlled heating schedule could easily 
be employed on the smaller Salem and Amsler Morton 
pits, in which only ingots from one cast are usually 
heated at any one time. It may be more difficult on 
large-capacity pits of the Priest type, however, where 
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ingots in different stages of reheating are in many 
works practices often present together. 


Relationship Between Thermal Efficiency and Rate of 
Heat Utilization 
The thermal efficiency expressed as 
heat absorbed by steel 
heat supplied by gas and air 

is shown in Fig. 20 plotted against the heat absorbed 
by the charge per square foot of heating surface per 
hour. The heating surface is taken as equivalent to 
the surface area of the soaking pit, not including the 
floor area covered by ingots. The heat absorbed by 
the steel during reheating was computed from a space 
mean average of the heat content as given by the 
numerical integration. Such a relationship between 
efficiency and rate of heat utilization has been pro- 
posed by one of the authors? as a fundamental corre- 
lation for the performance of reheating furnaces. The 
lines bounding the plot are the limits of scatter of 
previous results for a number of different reheating 
furnaces. The points marked are taken at the different 
time intervals into which the heating period was 
divided for the construction of heat balances. 

Except for trial 6 (Fig. 6), in which the gas flow 
was intermittent and fluctuated, the linear nature of 
the relationship was confirmed, but the scatter indi- 
cates that certain other variables such as the area of 
the ingot surfaces, the initial heat content of the ingot, 
and the rate of heat input will independently affect 
the thermal efficiency. Atl these factors were varied 
randomly in the trials for which the heat balances 
were constructed, and more results are needed before 
this can be investigated further. 





CONCLUSIONS 


(1) The thermal history of steel ingots between 
casting and rolling can be satisfactorily calculated by 
numerical integration using a finite-difference solu- 
tion of the heat-flow equation on a two-dimensional 
mesh representing the ingot mid-height section. 

(2) Any inaccuracies arising from mesh size, repre- 
sentation of latent-heat evolution, gap formation, or 
interface heat flux die away as the integration pro- 
ceeds. Thus: 

(i) The effects of time of gap formation on the 
internal temperature distribution are negligible when 
ingots stripped at the usual time are rolled 

(ii) The conduction across the gap and the emis- 
sivity of the ingot and mould surfaces have a negligible 
effect on the temperature distribution at the time of 
rolling 

(iii) A suitable mesh size is one having two space 
increments between the surface and centre mesh 
points. The maximum error likely to exist in any 
calculated steel temperature up to the time of strip- 
ping is 70°C. This decreases to not more than 20° C, 
error in the average steel temperature at the time of 
drawing and not more than 8°C. in the temperature 
difference between surface and centre at rolling. 


(3) The minimum skin thickness which will support 
the weight of the ingot is given approximately by the 
formula : 

Minimum skin thickness 
weight (tons) + 2. 

(4) There is an optimum track time which ensures 

a maximum rate of equalization of surface and centre 


(cm.) = 2:5 x ingot 
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Fig. 20—Relation between thermal efficiency and rate 
of heat utilization per unit of heating surface 


temperatures. The suggested value of this optimum 
time for the conditions investigated is : 
Optimum track time (min.) = 15 x ingot weight 
(tons). 


(5) The limiting factor in the time required for re- 
heating the 8-ton ingots is the time required to attain 
a uniform surface temperature. This is not the case 
for the 6- and 4-ton ingots, where the limiting factor 
is the desired standard of uniformity of internal tem- 
perature distribution. The calculated conditions at 
the time of rolling are not limiting, but in no case was 
an ingot rolled with a temperature difference between 
surface and centre of more than 145° C. (4-ton ingot). 

(6) Thermal efficiencies of the soaking pit varied 
between 0 and 50% over the heating period and can 
be correlated with the rate of heat utilization within 
the charge per unit area of heating surface of the soak- 
ing pit. For ingots of short track times a greater 
efficiency and higher production rate could, in many 
cases, be obtained by a controlled heating schedule 
involving lower rates of heat input during the early 
stages of reheating. 
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APPENDIX 


Application of Method to Ingot Cooling and 
Reheating 
Heat-Flow Equation 
The partial differential equation of unsteady-state 
heat flow in two dimensions can be written 


00 é -c0 0 -c0 
cat = ge (Kaz) + ee (Kay) creed 
ot Cx Ox cy cy 
where 0 is the temperature at time ¢ at a point having 


co-ordinates x, y in a material of specific heat c, 
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density p, and thermal conductivity K. If thermal 
properties are constant, the equation becomes 
00 a6 86a? 
= (a + rE 


where D = K/pec and is called the thermal diffusivity. 


Allowance for Variable Thermai Properties 


When thermal properties vary, the use of a modi- 
fied temperature scale ¢, defined as 


(] 
K 
$= ) Fe CD) 
a 
reduces equation (1) to linear form ; K and Ky are 
the thermal conductivities at temperatures 0 and an 
arbitrary base temperature 03. Substitution of equa- 
tion (3) in equation (1) gives 
Ob _ ed a) 
4 = no) (= + Fy Jererseeeseees seen) 
where D(¢) is the thermal diffusivity at temperature 


¢. Also, the substitution of c = ce 
heat content per unit weight of conducting material, 
gives 


» where H is 





...(5) 


oe " oy 


at p 


This form of the heat-flow equation was used in the 
integrations described in this paper, since it enables 
values of heat content to be computed directly. 


oH _ Xe (@¢ | re 


Finite-Difference Approximations 

Expansion of equation (5) using Taylor’s series gives 
a finite-difference representation of the heat-flow 
equation. In a two-dimensional mesh, the space 
increments associated with any mesh point may be 
unequal. There exist three general cases—an interior, 
a surface, and a corner mesh point. 


Interior Mesh Point—For the interior mesh point 
with associated space increments as shown in Fig. 
21a, the resulting finite-difference equation is 
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Fig. 21—The general case of a finite-difference mesh 
at (a) an interior mesh point, (6) a surface mesh 
point, and (c) a corner mesh point 


= 2KaAt { 7” } 
Amanrti = Hmas + p(Aa),( Ast) f( Aw), (Aa )al | (At) Pmt ane + (Ax)sdmaine — [( Ax): +(AX)s] bm.n.e 
2KaAt we 6 
= is shay ba phgye apy (AY omnmur H(AV)abmntas [(Ay)s + (Aydalbmine peeasesesseeeseesseeel ) 


where subscripts m—1, m, m+-1 refer to successive 
points in the x space dimension, n—1, n, n+1 to 
successive points in the y dimension, and r, r+1 to 
points At apart in the time dimension. 

Su,face Mesh Point—For a surface mesh point, the 
condition of heat flux W at the boundary can be 
written 

, odm. 
W = -K one = h(dm.n— da) ....+00+0---(7) 


where ¢., is the surface temperature, ¢q is the 
ambient temperature, and fh is a coefficient of heat 


The term —K on can be 
written in finite-difference form in terms of a fictitious 
temperature ¢'mn 1 at distance Ay outside the 


surface, as shown in Fig. 21b. The fictitious lamina is 
such that the heat flow across it is unaltered. Thus, 


transfer at the surface. 


— Kal¢mn—1 — $’mn+1) 
Ww= 2 Ay ~ Fey TT 
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Fig. 22—Diagrammatic representation of initial con- 


ditions on casting 


AUGUST, 1954 








mM OPE"B pata He 


| at 





iesh 
iesh 


le 





SARJANT AND SLACK: INTERNAL TEMPERATURE DISTRIBUTION IN STEEL INGOTS 


Eliminating ¢'n4+1 between equations (6) and (8) 
gives the finite-difference equation for the surface 
mesh point : 

2KaAt 





Amati =H m.ns + p( Ax), (Aa) of (Aa), +( Az)s] 
KaAt f, 2W (Ay) 
at AG dom.n--1.7 — Ka 


Corner Mesh Point—For the corner mesh point 
reproduced in Fig. 21c, there are two fictitious tem- 
peratures $’mnyi1 and ¢'min If the cooling is 
symmetrical, W is the heat flux in each direction and 
the finite-difference equation is : 


2KaAt W Ax 


Amanrti = Amar + a mtn “x. — dm.n. 


Equations (6), (9), and (10) represent one type of 
finite-difference form whose stability and accuracy 
were investigated in a previous paper.*> They were 
there shown to be as accurate as any other type of 
difference equation, and are relatively simple to use. 
Accordingly they were adopted in this work. Each 
mesh point in the part of the cross-section considered 
has a finite-difference equation, which must be evolved 
from one of the three general cases above and applied 
at each step in the integration. 


Stability of the Finite-Difference Equations 


Using a method of stability analysis derived by 
Price,?* the following stability criteria were found 
to apply to the finite-difference equations given above. 


Interior Mesh Point With Unequal Space Increments: 


At< : cece (LL) 








' ee 
OR ae + aaa 


Mesh Point on a Surface Losing Heat by Convection or 
Radiation to Surroundings at Constant Temperature: 
1 





| TT ee eT 
= 1 h 1 

2D| aychay, + aay + yy] 

This criterion applies to the mesh points on the outer 

surface of the mould. 


Surface Mesh Point Losing Heat to Surroundings at 
Varying Temperature: 


This general case covers the mesh points on the 
mould/steel interface, except those at the corners : 


1 





Te ee ee ee TT 
2D [ ae ae ats =m + zu] 
(Ax), (Aa), (Ay) K Ay 
Corner Mesh Point Losing Heat to Surroundings at 
Constant Temperature: 


At< iit i. (14) 
D hAz D 
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Corner Mesh Point Losing Heat to Surroundings at 
Varying Temperature: 


At< 








1 


‘ ‘ . are 
2D| cap + (Ay + Kae * Kip! 





AUGUST, 1954 


] 


443 


The maximum allowable value at At was found for 
each point in the mesh before the integration was 
started, and the finite-difference equations were finally 


{ (42), dm+1.n.r + (AX) odm—1.n.r—[( Ax), +(Ax)e]bm.n.r f 


incense 


evaluated using a convenient value of At close to 0-8 
times the smallest value of the time increment as cal- 
culated by the above criteria. The coefficient 0-8 
allowed for a term involving rate of change of diffusi- 
vity with temperature which was neglected in the 
stability analysis. 


2KaAt WA 
| i ——4— [ omn—r = “ — drains | eeeseecessesseeo(1O) 


p( Ay)? 


Initial Conditions 
On casting, the instantaneously attained heat- 
content distribution across the interface is represented 
in Fig. 22. A heat balance can be written 
8247+ Cyr +P 8957 = Sarg-po(c 80+ L). 


Substituting for Az the expression given in the text 
for the movement of a temperature or solidification 
front gives : 


K Kg 
tee Lug +P 54-80 py = a “Pg(Cg80g+L) ...(16) 
CyPM elena din CsPs 


where t is a very small but finite time which is much 

less than At. Equation (16) was solved by a series of 

successive approximations to find the initial tempera- 

ture distribution. If gap formation was taken as 

instantaneous, 

50, =casting temperature—freezing temperature. 
If gap formation was not instantaneous, 
50, + 60,, = freezing temperature—initial mould 

temperature. 





Heat Loss from Outer Surface of Mould 

This is made up of radiation to casting-pit walls 
(for pit casting practice) plus radiation to air and 
convection. These are summated by the equation 


X = Fy p(T y* Tp) +l yg Ty* —T4*)+ 
SAT" 


where X is the surface heat flux ; F'y.p is the radia- 
tion configuration factor from mould to refractory 
casting-pit wall, with allowance for non-black sur- 
faces ; Fy.q is a similar factor from mould to atmos- 
phere ; o is Stefan’s constant; 7'y, 7'r, and 7’, are 
the absolute temperatures of the outer surface of the 
mould, the casting pit, and the atmosphere, respec- 
tively ; AT = (Tu—T,) ; and SAT'*5 is an estimate 
of the heat loss by convection. When f.p.s. units 
are used, S has a value 0-27. 


Interface Heat Flux 
The radiant heat flux Q across the mould/steel 
interface can be written : 
Q =45—Ay = 96(T 54 — Tys')........-.-.(18) 


where ¢; is the effective emissivity, 7’ is the absolute 
temperature, and g is the emissive power of the 
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oneway radiation. Subscripts S and M refer to steel 
and mould respectively. 
€u*s 

€,= iar die ~ Sls Siesbaresscas couch (19) 
Equations (18) and (19) were used in the integrations 
based on the accurate representation of heat flux, Q 
being evaluated at each time interval using appro- 
priate values of ej, and ¢s. 

If ex = es = €, 
€ 


.=>=——? 


t"2-e 
and as an approximation Q was evaluated as 


veg Ts ey Tas* 





~ 2-eg 2—ey 
In this case, gg and gy were found over a range of 
temperature before the solution was begun. 

Before gap formation, when mould and steel are in 
good thermal contact, Q could not be computed from 
equation (18) or (20). Instead, H was calculated in 
terms of Q from the finite-difference equations for 
mould and steel, and Q was eliminated by use of the 
simultaneous equations 

dH y = cy-d9 

dH. - 5. d0 } emcees | 
where d@ is the change in temperature of the contact 
plane for a change dH in heat content over one incre- 
ment At. Values of d@ were calculated in this way, 
and the corresponding values of dH were found from 
the relationships between 6 and H. 


Stages in the Integration 


The technique discussed above was applied to the 
problem of ingot cooling in the following way : 

(1) Curves showing the relationship between 
¢—§ and ¢—H were constructed from a knowledge 
of thermal properties. 

(2) Curves of g (or o7"*) vs. ¢ and X vs. ¢ were 
constructed using the curve of emissivity variation 
given in Fig. 1. 

(3) A suitable mesh size was chosen and the value 
of AT to ensure stability at every mesh point was 
calculated. 

(4) Values of space and time increments were 
substituted in the finite-difference equations (6), 
(7), and (9). 

(5) Initial conditions were calculated from equa- 
tion (16). 

(6) Initial conditions of temperature were entered 
in a suitable integration sheet together with asso- 
ciated values of H, 0, X, q (or oT"), and Q (if inter- 
face heat flux was by radiation initially). 

(7) The finite-difference equations were applied 
to each mesh point in turn to find the values of 
heat content at time At after the start of the 
integration. 

(8) Corresponding values of ¢, 0, X, qg (or o7"4) 
were read off the working graphs of stages 1 and 2 
and entered in the integration sheet alongside the 
values of H computed at stage 7. The finite-dif- 
ference equations were then re-applied to the cal- 
culated thermal distribution at time At to find the 
heat contents at time 2At, and so on. 
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Basic Processes Involved in Tempering 


Plain Carbon and Low-Alloy Steels 


URING the last 60 years few topics have occupied 
the thoughts of metallurgists more consistently 
than the important commercial process of tem- 

pering hardened steel. In this paper it would be 
neither possible nor profitable to attempt to summar- 
ize all the published information. In spite of the 
effort which has been expended, it is only within the 
past decade that there has emerged a clear picture of 
the reactions which interlace to produce the effects 
observed when a piece of steel is tempered. The 
object of this paper is to describe these intrinsic reac- 
tions. An attempt is made to interpret the available 
data, to assess the current views, and to produce a 
coherent picture which is consistent with modern 
knowledge of precipitation processes. Although some 
points still require further investigation or experimen- 
tal confirmation, the overall picture for plain carbon 
steels is reasonably satisfactory. However, the intro- 
duction of small amounts of only one additional 
alloying element so complicates the matter that such 
steels can only be discussed in terms which amount to 
little more than speculation. Much experimental in- 
vestigation of these problems is waiting to be done. 


TEMPERING OF PLAIN CARBON STEELS 


When plain carbon steels are quenched to room tem- 
perature from the austenite range the well-known 
martensitic microstructure is produced. By X-ray 
methods it can easily be demonstrated that there are 
two phases* present; a face-centred cubic (austenite) 
and a body-centred tetragonal (martensite) structure. 
After suitable preparation, it is possible to distinguish 





*The term ‘ phase’ is used here to indicate a homo- 
geneous unit of microstructure. Martensite is not an 
equilibrium phase. 
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By W. S. Owen, M.Eng., Ph.D., A.I.M. 


SYNOPSIS 


In the past few years notable contributions to the experimental 
data and the theory of tempering plain carbon steels have been 
made. These are described and discussed. Attention is drawn 
to important gaps in the available data relating to similar reactions 
in alloy steels. Possible mechanisms controlling the kinetics of 
these reactions are suggested. 900 


the two phases under the microscope, and methods 
have been devised which enable the percentage of 
each to be measured.!_ These optical methods yield 
results in good agreement with quantitative X-ray 
studies.2 The percentage of retained austenite in a 
sample is dependent upon the austenitizing tempera- 
ture, the rate of cooling, and the carbon content of 
the specimen.* The change in retained austenite con- 
tent with composition is illustrated in Cohen’s? Fig. 
15. Even in steels with very small carbon contents 
some retained austenite can be detected at room tem- 
perature, whilst with the greatest carbon content 
possible the specimen is still a long way from being 
completely austenitic. Thus, the tempering process 
must be considered as the breakdown of an alloy 
whose initial structure is a mechanical mixture of two 
quite different phases. 

That the decomposition is complex is evident from 
an examination of the plots of any physical or mecha- 
nical property change with time and temperature. 
For example, in Fletcher and Cohen’s! Fig. 1 the 
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change in length and intensity of magnetization is 
plotted against temperature, for several steels of 
different carbon content, during continuous heating at 
a-rate of 5° F./min. (2-83°C./min.). The point is 
further emphasized by considering the change in 
room-temperature hardness of specimens tempered at 
different temperatures (Fletcher and Cohen’s‘ Fig. 2). 
The curves are all of the same general form ; with 
increasing temperature there is little change at low 
temperatures and then a rather steep rise to a maxi- 
mum followed by a continuous decrease. The maxi- 
mum occurs at lower temperatures when longer hold- 
ing times are used, clearly demonstrating the impor- 
tance of the time factor in the reactions. 

Although it had long been realized that curves such 
as these were the result of several overlapping or 
simultaneous reactions, no precise study of the com- 
ponent reactions was possible until Averbach and 
Cohen showed that the length change due to retained 
austenite decomposition can be separated from that 
due to the breakdown of the martensite by comparing 
the results from pairs of specimens ; the individual 
specimens comprising a pair are identical in all res- 
pects except in the percentage of austenite which they 
contain. The most convenient method of producing 
this difference is to quench both specimens into water 
and transfer one immediately into a liquid-nitrogen 
bath. To obtain results that are amenable to analysis 
by reaction-rate theory the experimental observation 
must be of a high order of accuracy. Methods of 
measuring changes in length with the necessary pre- 
cision have been developed at the Massachusetts 
Institute of Technology. 

In this way three different reactions, or ‘ stages of 
tempering ’ as they are more commonly called, can be 
distinguished. As each stage progresses the pro- 
perties of the steel change in a characteristic manner. 
During continuous heating of a quenched specimen 
at a rate of, say, 5° F./min., the first stage takes place 
at temperatures up to about 400° F. (204°C.) From 
magnetic and specific-volume measurements it was 
deduced that this stage consisted of a reaction whereby 
a carbon-rich constituent (not cementite) is precipi- 
tated from martensite. The martensite lattice con- 
tracts in volume and becomes more nearly cubic. 
There is a marked decrease in the volume of the speci- 
men, a very slight decrease in magnetization (see 
Fletcher and Cohen’s‘ Fig. 1), and an increase in hard- 
ness (see Fletcher and Cohen’s* Fig. 2). The second 
stage starts at about 400° F. (204° C.) and is complete 
by the time 600° F. (315° C.) is reached. The aus- 
tenite, which remains unaltered during the first stage, 
transforms to bainite, resulting in an increase in 
volume, a large increase in magnetization, and a 
decrease in hardness. The third stage overlaps the 
second and continues up to temperatures as high as 
1000° F. (538° C.) In this range cementite is pre- 
cipitated and the matrix transforms to ferrite. This 
reaction is accompanied by a marked decrease in 
volume, magnetization, and hardness. 

It is not possible to define exact temperature ranges 
for the stages, since all the reactions are time-depen- 
dent. Furthermore, at a chosen rate of heating the 
temperature ranges vary with the carbon content of 
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the specimens. In some high-purity iron—carbon 
alloys, overlapping of the first and third stages has 
been observed. 

It is convenient first to consider the second stage. 
This reaction appears to be a direct breakdown to 
ferrite and cementite by the well-known bainite 
mechanism. There is no reason to believe that it 
exhibits any features different from those of the iso- 
thermal formation of bainite from primary austenite, 
a reaction which has been studied extensively in 
recent years.’ 

The third stage is a continuation of the first ; the 
transition of martensite to a cementite—ferrite mix- 
ture is completed (the products are indistinguishable 
from those produced by the second-stage reaction). 
Work in recent years has clearly demonstrated that 
the overall transformation has many features in com- 
mon with orthodox precipitation processes. For 
example, there are many features which are closely 
parallel to those exhibited by the precipitation of 
6 CuAl, from a supersaturated «-solid solution of Al- 
5% Cu alloy. As is usual in systems in which the 
equilibrium precipitate has a crystal structure very 
different from that of the matrix, during isothermal 
tempering the first precipitate to appear in measur- 
able quantity is a transition structure (a carbide, but 
not cementite Fe,C). Its presence during the first 
stage of tempering was demonstrated by Cohen and 
his co-workers as early as 1944,® but at that time 
X-ray techniques were inadequate to reveal a diffrac- 
tion pattern. In 1951 Jack published X-ray diffrac- 
tion data,® obtained by much improved experimental 
methods, which clearly demonstrate that the transi- 
tion carbide has a hexagonal close-packed structure 
(a = 2-73kX., c = 4:33 kX., cla = 1-58). This 
carbide has been designated ¢« iron carbide, since it is 
isomorphous with ¢« iron nitride. Jack suggested 
that the composition lies between Fe,C and Fe,C. In 
fact, when the carbide occurs during the first stage of 
tempering, the composition is Fe,.,C, as has been 
demonstrated recently by Lement.!° Hagg" has pre- 
pared and identified a percarbide of iron with a com- 
plex structure. On several occasions its presence in 
tempered steels has been postulated to explain certain 
data.12 However, direct methods of examination 
have invariably failed to detect this carbide. 

During the last three years, the first stage of tem- 
pering has been studied in great detail by Roberts, 
Averbach, and Cohen.® To explain experimental 
results obtained by a single-crystal X-ray technique 
and precision length-measurements of isothermally 
reacted specimens they have proposed a model for the 
mechanism of the reaction. The important features 
are : 

(i) The growing aggregate (e€ carbide + decomposed 
martensite) advances into the martensite on a plane 
front 

(ii) The € carbide is surrounded by and in meta- 
stable equilibrium with a low-carbon martensite 


(approx. 0°25% C) and not strained ferrite, as had 
been suggested by previous investigators. 


Thus, the reaction may be represented as 


Martensite (high-carbon) — «€ iron carbide + marten- 
site (0°25 % C). 
Using a new specimen-shadowing technique, Lement** 
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has shown by electron-microscope studies that the 
small plates of « carbide are precipitated as a discon- 
tinuous network along subgrains in the martensite. 
To illustrate the scale of the phenomenon, the results 
for a 1:43%C martensite tempered at 400° F. 
(204° C.) are quoted. It is estimated that the sub- 
grains are about 1000A. in diameter and that the 
carbide network, non-uniform in thickness, attains a 
maximum thickness of about 200A. in some locations. 

It was suggested by Jack® that when the ¢ iron 
carbide first precipitates, the (101) planes of its close- 
packed hexagonal structure are parallel to the (101) 
planes of the martensite. The interplanar spacings of 
both these planes are almost identical and ‘ fit ’ across 
the interface. However, the ‘fit’ is not exact and 
the matrix (low-carbon martensite) lattice is strained 
to produce a precise atomic register. This effect is 
known as ‘coherency straining’. Its presence has 
been held to account for the increase in hardness 
observed in the early stages of tempering. As preci- 
pitation continues the coherency strain increases. 
During this stage of the reaction, the high-angle mar- 
tensite lines of powder X-ray photographs become 
broadened, and consequently they have often been 
described as ferrite lines broadened as a result of 
internal (presumably coherent) strain. The work of 
Roberts, Averbach, and Cohen® demonstrates that 
much of the broadening can be attributed to the small 
tetragonality of the low-carbon martensite, and so it 
must be admitted that what once appeared to be 
strong evidence in favour of the coherency-hardening 
concept is not, in fact, relevant. It now seems that 
much of the hardness increase may be ascribed to 
‘dispersion hardening,’ 7.e., the presence of finely dis- 
tributed particles of a hard constituent. 

Whatever the precise réle played by coherency 
strain in the hardening mechanism, there seems to be 
little doubt that it is an important factor in the bal- 
ance of energy terms which decides the point at which 
another type of precipitate can be more easily accom- 
modated by the matrix lattice. When this point is 
reached the ¢« carbide disappears and cementite 
(Fe,C) takes its place. The appearance of cementite 
marks the start of the third stage of tempering. It 
has been suggested that this transition occurs by 
means of a rearrangement of atoms within the carbide 
particles,® but this view is not in line with the gener- 
ally held ideas of the mechanism of precipitation pro- 
cesses. It seems more reasonable to postulate that 
the < carbide dissolves and cementite is precipitated 
on new nucleation sites. This view is supported by 
electron-microscope work. Jack found that the first 
cementite to be precipitated is in the form of “ very 
thin platelets, the plane of each platelet being parallel 
to the (001) lattice plane of the cementite structure.” 
Lement!* has recently published electron photo- 
micrographs which clearly demonstrate that the early 
precipitate forms at the original austenite/martensite 
boundaries. These platelets are estimated to be only 
a few unit cells thick and are sometimes referred to as 
‘two-dimensional cementite.’ As the tempering pro- 
ceeds the plates thicken and at higher temperatures 
coalesce to form the cementite particles, which can be 
easily distinguished under an optical microscope. 
Again, it is assumed that during the earlier part of the 
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third stage the two-dimensional cementite is coherent 
with the low-carbon martensite from which it forms. 
However, unequivocal experimental evidence is still 
lacking. During the third stage the hardness de- 
creases slowly at first, the decrease becoming more 
rapid at higher temperatures or longer times. The 
initial ‘retarded softening’ is usually attributed to 
the effect of coherency hardening. 

It has been suggested!* that the presence of thin 
plates of cementite at the interface between the 
original martensite plates and the austenite matrix 
causes embrittlement of the steel. In most heat- 
treatable steels this precipitation occurs during tem- 
pering in the range 500—-700° F. (260-371° C.). Notch 
brittleness has often been observed in this range and 
‘500° F. embrittlement ’ has been reported in plain 
carbon steels14 There is little doubt that this 
phenomenon plays an important réle in certain aspects 
of temper-brittleness. 


TEMPERING OF ALLOY STEELS 


When the addition of alloying elements results in 
the formation of complex carbides, difficulty is often 
encountered when complete solution at the austenitiz- 
ing temperature is attempted. Some alloy steels con- 
tain undissolved carbides at all stages of their heat- 
treatment, but since these play no part in the temper- 
ing reactions they need not be discussed further. 

The presence of alloying elements affects the M, 
temperature and the martensite/austenite ratio in the 
quenched steel. The general features of the first three 
stages of tempering are the same as in plain carbon 
steels. The third stage leads to the formation of 
cementite and ferrite containing alloying elements in 
solution. However, in those steels in which complex 
alloy carbides can form, a fourth stage of tempering 
is added : the cementite dissolves and the complex 
carbide is precipitated. 

Insufficient systematic experimental work has been 
carried out on the first three stages of tempering alloy 
steels to permit a detailed discussion of the influence 
of alloy elements on the kinetics of these reactions. 
However, from the data available some of the impor- 
tant additional factors introduced by their presence 
can be recognized. 

Very little is known about the influence of alloying 
elements on the first stage of tempering. The pre- 
sence of < carbide in silicon—nickel steels has been 
demonstrated experimentally!® and there is reason to 
anticipate that it occurs in most common low-alloy 
steels.16 17 Although in silicon steels the first stage 
occurs in a higher temperature range, the ¢ iron car- 
bide is indistinguishable from that found in plain 
carbon steels.18 No information on the composition 
of the martensite in metastable equilibrium with the 
transition carbide is available. 

Alloy steels decompose during the second stage of 
tempering to give the same products as are obtained 
by the direct isothermal decomposition of the equi- 
valent primary austenite. 

The most easily observed effects are produced during 
the third stage of tempering, when the composition, 
shape, or rate of growth of the precipitating cementite 
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Fig. 1—Effect of silicon and manganese on the activity 
coefficient of carbon in austenite and ferrite (hypo- 
thetical) at 1000°C. 


may be materially altered. Since some elements are 
capable of replacing iron atoms in the cementite struc- 
ture it is not surprising that cementite with a com- 
position (Fe, X),C forms, where X may be chromium, 
manganese, etc. However, Kuo and Hultgren!® have 
demonstrated, by chemical analysis of extracted car- 
bides, that the first-formed cementite is of a greater X 
content than that found under the metastable equili- 
brium conditions which are approached as tempering 
progresses. Even silicon, which has a negligibly small 
solubility in cementite under metastable conditions,”° 
was found to be present in the first precipitated 
cementite in silicon steels. The transfer of silicon 
atoms from the cementite to the matrix as tempering 
proceeds is probably a slow process and may account 
for the sluggish final approach to metastable equili- 
brium which has been observed experimentally in 
silicon steels.?? 

It may be anticipated that the presence of ‘ foreign ’ 
atoms will profoundly affect the rate at which cemen- 
tite nuclei are formed. The kinetic data for plain 
carbon steels are satisfactorily interpreted by supposing 
that nucleation is complete before any measurable 
third-stage transformation occurs. There is evidence 
which suggests that chromium and silicon retard the 
nucleation,!® 17 7.e., postpone the onset of the reaction. 
However, again it seems that once nucleation starts it 
is extremely rapid and may be considered complete 
before any appreciable growth of the particles 
occurs.}?) 24 

In plain carbon steels the rate of growth is controlled 
by the rate at which carbon atoms diffuse to the 
cementite/ferrite interface. This diffusion rate may 
be modified by the presence of alloying elements. The 
experimental data on this point are very scanty. A 
study of the more plentiful diffusion data relating to 
carbon in austenite shows that the diffusivity of car- 
bon is not greatly affected by the presence of alloying 
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elements uniformly distributed throughout the phase. 
There is no reason to suspect that the influence of 
alloying elements on the diffusivity of carbon is of a 
different order of magnitude in the case of diffusion in 
ferrite. 

Balluffi, Cohen, and Averbach!” have reported a 
quantitative study of the third-stage kinetics in 
chromium steels. The presence of chromium retards 
the precipitation of cementite, but the magnitude of 
the effect is not very great and it can be accounted for 
adequately by the factors mentioned. One common 
alloying element (silicon) exerts an influence of much 
greater magnitude and requires special consideration. 

Recently, the kinetics of the tempering reactions in 
silicon steels have been studied experimentally.1> 2 
It is found that in the presence of silicon much higher 
tempering temperatures are required to initiate the 
third stage and to complete the second and third 
stages. For example, for a specimen containing 
0-78% C and 1-38% Si to reach the half-way point in 
the third-stage reaction in 1 hr., a temperature of 
800° F. (433° C.) is required, compared with about 
550° F. (288°C.) in the case of the corresponding 
0-78% C plain carbon steel. Analysis of the kinetic 
data for the third stage indicates that in this case the 
diffusion of carbon is not the controlling rate-process. 
It has been suggested that this control is exercised 
by either the rate of diffusion of silicon away from the 
interface or the self-diffusion of iron. The former 
suggestion seems to be the more probable. As men- 
tioned earlier, the silicon content of the precipitating 
cementite is very small and approaches zero as the 
reaction progresses. Thus, silicon accumulates in 
front of the advancing interface and silicon atoms 
must diffuse towards the more remote parts of the 
matrix. In a spectacular experiment Darken® de- 
monstrated that the presence of silicon atoms in aus- 
tenite so profoundly alters the activity of carbon 
atoms in their vicinity that by suitably adjusting the 
silicon content of the two halves of a diffusion couple 
carbon can be caused to diffuse from the low-carbon 
to the high-carbon half of the specimen, i.e., to diffuse 
against the carbon concentration gradient. During 
the precipitation process the silicon and carbon con- 
centration gradients are also in opposed directions. 

Smith?* determined the change of carbon activity 
produced by the presence of silicon in both austenitic 
and ferritic alloys. The effects are of a similar order 
of magnitude (see Fig. 1*). Thus, it is anticipated 
that a comparable phenomenon results from cross- 
diffusion in ferrite. It is postulated that the silicon 
concentration in the ferrite close to the precipitating 
cementite particles can raise the activity of the carbon 
enough to act as a brake on the mass movement of car- 
bon towards the interface. In this way the rate at 
which silicon is moved away from the interface, rather 
than that at which carbon is brought to it, becomes 
the controlling process. Since there are few other 
elements which are known to increase the activity of 
carbon in ferrite or austenite appreciably, this 


*The increased activity of carbon resulting from the 
presence of silicon (expressed in wt.-%) is plotted in 
Fig. 1. These data have been calculated from plots 
published by Smith.?* 
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mechanism is unlikely to play an important réle in the 
tempering of other alloy steels. In fact, it is possible 
that manganese and molybdenum may exert a directly 
opposite effect, since it is suspected that these elements 


decrease the activity of carbon in ferrite. However, 
such ideas must remain in the realm of speculation 
until the results of extensive experimental data are 
available. 
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Correspondence on the Paper— 


KINETICS OF FIRST-STAGE GRAPHITIZATION IN Fe-C-Si ALLOYS* 


Professor B. Floyd Brown (North Carolina State Col- 
lege) wrote: Do the authors use the term ‘ spherulite ’ 
in the crystallographic sense ? Although it is by no 
means certain, the manganese/sulphur ratio and the 
features of Fig. 8 lead one to expect rather aggregate 
nodules (on which type the nucleation, growth, and 
transformation data of Brown and Hawkes were taken). 

The authors observe that increasing the silicon content 
increases the rate of nodule growth. It is not obvious 
how they can then conclude that the rate of diffusion 
of silicon can be reasonably supposed to be the rate- 
controlling factor, without endowing the diffusion 
coefficient with surprising concentration dependence. A 
reasonable alternative possibility is that silicon acts by 
affecting the nature of the cementite/austenite interface. 

The observations of the authors and of Brown and 
Hawkes on the coalescence of graphite nodules were 
anticipated by McMillan,t whose data on the number 
of graphite nodules per unit area (for 11 commercial 
blackheart irons) have been converted to nodules per 
unit vol. by the 3/2 power approximation and replotted 
in Fig. A. The initial point on each curve represents the 
end of first-stage graphitization and the curve represents 
the decrease in nodules with further isothermal holding 
at the first-stage graphitization temperature (1700° F.). 





* J. Tron Steel Inst., 1954, vol. 176, pp. 147-155. 

+ W. D. MeMillan, Symposium on Graphitization of 
White Cast Iron, pp. 30-88: 1942, Chicago, American 
Foundrymen’s Association. 
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By J. Burke and W. S. Owen 


The extent of coalescence (in all but one iron) becomes 
the more impressive when one notes that the ordinate 
is logarithmic. 

There are two important metallographic observations 
well attested and most pertinent to the fundamentals 
examined in the paper. The smaller carbides near the 
growing graphite nodule dissolve more quickly than more 
remote carbides, yet the more remote carbides commence 
to dissolve before the nearer ones completely disappear. 
This is taken as a clear indication that, although the rate 
of carbon diffusion is not controlling, it is involved in 
the control, and that the rate of carbide dissolution (and 
hence the nature of the cementite/austenite interface) is 
also involved in the control. This would indicate a 
curvature in the diffusion-potential surface (C, — Ca) of 
opposite sign to that assumed in Fig. 7. 


AUTHORS’ REPLY 

Dr. J. Burke and Dr. W. §. Owen wrote: We thank 
Dr. Floyd Brown for drawing attention to our uncon- 
ventional use of the term ‘spherulite’ and agree that 
‘aggregate nodule ’ would be a more appropriate term. 

The decrease in nodule number on holding at tempera- 
ture after completion of first-stage graphitization is 
strikingly demonstrated by the replot of MeMillan’s data. 
However, the conversion of nodules per unit area to 
terms of unit volume by means of the 3/2 power approxi- 
mation is not sufficiently accurate to allow any quantita- 
tive treatment of the problem. Dr. Brown uses the term 
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Fig. A—Nodules per unit vol. for 11 commercial black- 
heart irons. Graphitization of carbides complete 
in all cases 


‘ coalescence of graphite nodules.’ To us this appears to 
be an unsuitable description of the phenomenon, since 
it implies a bulk movement of the nodules through the 
matrix. A mechanism involving solution and reprecipi- 
tation of carbon, as described in the paper and attributed 
to Brown and Hawkes, is much more probable. 

The expression “ although the rate of carbon diffusion 
is not controlling, it is involved in the control ” indicates 
that either we have been snared into reconditeness by 
our zeal for brevity or that Dr. Brown has a much more 
subtle vision of the graphitization reaction than we have. 
In our view the constituent reactions are: the formation 
of graphite nuclei; the transfer of atoms across the 
cementite/austenite interface; the diffusion of carbon, 
silicon, and iron atoms in austenite in the vicinity both 
of the cementite and of the graphite; and the transfer of 
carbon atoms across the austenite/graphite interface. For 
the overall reaction to take place all these processes must 
occur. 

Considerations of nucleation frequency being disre- 
garded, the reaction rate (here the rate of growth of 
graphite) at any instant is the rate of the slowest of these 
processes. This process we have termed ‘the rate-con- 
trolling factor.’ We take it that Dr. Brown is advocating 
the view that the transfer of atoms across the cementite/ 
austenite interface (or the rate of solution of cementite) 
is the slowest process. This is a possibility to which we 
gave some consideration. However, we considered the 
model inappropriate to our study of the overall reaction 
for the following reasons. , 

Firstly, as Dr. Brown points out, it requires the curva- 
ture of the concentration gradient to be of opposite sign 
to that shown in Fig. 7, implying that the austenite is 
mostly of composition C,. As it is reasonable to suppose 
that at zero time all the austenite is of composition Cg, 
this argument leads to the conclusion that at the start 
of the reaction the growth of graphite should proceed 
at a more rapid rate than the solution of cementite, 
since carbon must be drained from the austenite to 
reduce the level from C, to C, before appreciable solution 
of the cementite occurs. We have been unable to detect 
such a phenomenon. 

Secondly, by a metallographic method we have been 
able to obtain a general impression of the carbon gradient 
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Fig. B—Alloy containing 3.43% of carbon and 1-37% 
of silicon quenched part way through the isothermal 
graphitization reaction x 850 


in the austenite. On quenching specimens from the 
malleablizing temperature a martensite structure con- 
taining observable quantities of retained austenite is 
obtained. Since silicon has little effect in this con- 
nection, it is reasonable to assume that the proportion of 
retained austenite in a particular ‘ area’ of the matrix is 
a function of the carbon content. An examination of 


such matrix structures clearly shows that the carbon. 


concentration gradient is of the general form suggested 
by our Fig. 7 and is not in agreement with Dr. Brown’s 
suggestion. A photomicrograph of such a structure (Fig. 
B) shows a marked decrease in the carbon content of the 
retained austenite in the heavily etched regions surround- 
ing the graphite nodules. 

Finally, we see no reason for arbitrarily deciding that 
the energy of transfer of a carbon atom across a cemen- 
tite/austenite interface is the control when the opposite 
assumption leads to a model which is compatible with 
the general kinetic data. 

We agree that the data for the relation between silicon 
content and growth rates do appear to be incompatible 
with the distribution of emphasis in conclusion (19) of 
the paper. However, it should be reiterated that the 
effect is very small (in conclusion (9) we used the word 
‘slightly ’) and it would be unwise to attach too great 
a significance to this point until the experimental data 
have been more fully substantiated. 

The metallographic observations mentioned in Dr. 
Brown’s last paragraph were taken into account; they 
are not in conflict with our model, which requires only 
that the rate of solution of the cementite and the rate 
of diffusion of carbon away from the interface should be 
sufficient to maintain the general level of carbon in the 
austenite at Ca. We contend that for the major part of 
the reaction time this situation exists and, consequently, 
the model is appropriate when considering the general 
features of the overall reaction. Recently, while studying 
the kinetics of the individual component reactions, clear 
evidence was obtained of a change-over, near the end 
of the reaction, to the type of control which Dr. Brown 
suggests. However, this does not invalidate our general 
treatment of the overall reaction. We hope to discuss 
these matters in greater detail in the near future. 
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THE IRON AND STEEL ENGINEERS GROUP 


REPORT OF THE TWENTY-FOURTH MEETING 


THE TwENtTy-FourtH MEETING OF THE IRON AND STEEL ENGINEERS Group of The 
Iron and Steel Institute was held at 4 Grosvenor Gardens, London, S.W.1, on Thursday, 


10th December, 1953. 
At the Mornine Session the paper ‘ 
Cockerill, Belgium,” by Mr. G. Hooxnam ( 
presented and discussed. 
At the AFTERNOON SESSION the paper ‘ 


Mr. C. H. T. WituiaMs, Chairman of the Group, was in the Chair. 


* Belt-Charged Blast-Furnaces of S.A. John 
John Miles and Partners (London), Ltd.), was 


* The Ironmaking Plant at John Summers and 


Sons (Shotton Works),” by Mr. J. F. R. Jones and Mr. A. WALKER (John Summers and 


Sons, Ltd.), was presented and discussed. 
the September issue of the Journal. 


Discussion on the Paper— 


The discussion of this paper will appear in 


BELT-CHARGED BLAST-FURNACES OF S.A. JOHN COCKERILL, BELGIUM* 


- Mr. G. Hookham (John Miles and Partners (London), 
Ltd.) presented his paper. 

Mr. H. C. White (Park Gate Iron and Steel Co., Ltd.) : 
This paper should be of considerable interest to blast- 
furnace engineers and operators, involving as it does a 
new principle in the charging of blast-furnaces. Mr. 
Hookham and his colleagues have produced a very 
ingenious solution for this difficult site. 

They were, perhaps, fortunate in having on the site 
an old slag tip, which gave them sufficient elevation to 
make use of belt conveyors in the final stage of charging. 
If this feature had not been available, the problem 
would have been much more difficult. The distance 
between the ore yard and the bunker system was an 
advantage, as the unusually long belt-conveyor system 
required made it possible to lift the ores to bunker-top 
level, about 120 ft. above general ground level. 

The novel feature of this plant is the application of a 
belt-conveyor system between the bunkers and the three 


furnaces, this single line of conveyors ‘being capable of 


charging all three furnaces. The furnaces, bunkers, 
scale cars, and stockyard are of conventional design and 
arrangement. 

The author makes frequent comparisons between skip 
hoists and belt-conveyor systems. The skip hoist is 
essentially a batch-charging device and works inter- 
mittently ; it has, therefore, to carry on each journey a 
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fairly heavy load. Apart from the load carried, it is 
mechanically almost in balance. The skip bridge must 
be heavily constructed and a powerful hoist machine is 
required. Modern hoists are very reliable, derailments 
are rare, and, apart from having to change hoist ropes at 
long intervals, the conventional hoist requires very 
little maintenance. 

Belt conveyors are not really hoisting devices ; the 
angle at which a conveyor will work satisfactorily is 
limited to 20° or less, according to the size grading of the 
material carried by the belt. When the belt system is 
long, entailing the use of several independently driven 
belts, some of the height gained by its inclination is lost 
at the chutes feeding the following belts. Because of 
their continuity of operation, quite small belts are cap- 
able of carrying large tonnages of material in a given 
time. The mechanical gear associated with them is 
simple, and when powered by modern A.C. motors, with 
their simple electrical controls, little can go wrong. The 
life of a belt, which varies considerably from one instal- 
lation to another, depends on a number of factors. The 
type of material handled and the method of delivery on 
to the belt are the main factors contributing to its 
destruction. Most conveyor bridges are of fairly light 
construction and are therefore capable of spanning long 





* J. Iron Steel Inst., 1953, vol. 175, Dec., pp. 409-419. 
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distances and passing over buildings and other obstruc- 
tions. Being carried overhead, they are very suitable 
for congested sites. 

At the Cockerill works, the belt system between the 
bunkers and the furnaces runs continuously but carries 
separate batches to the furnaces in turn. A suitable 
space is left between each batch to allow the belts to be 
cleared before reversal. The conveyor system therefore 
functions as three separate skip hoists so far as the load 
is concerned. 

Heavy belt wear can be expected at two places. At 
these points chutes are provided to feed the following 
belt, and a reversal of the direction of flow also takes 
place when feeding the intermediate furnaces. Fortun- 
ately, the ore is crushed to 2} in. size, but it would be of 
interest to know if the burden contains tap cinder or 
other heavy iron-bearing materials likely to cause 
damage at these points. Belt-life figures would be useful. 

No mention is made in the paper of the size, speed, 
and capacity of the belts installed, although it is stated 
that the daily furnace output is 400 tons and that Minette 
ores form the major part of the burden. These ores vary 
considerably in their iron content, but if the burden is 
assumed to contain 35% of iron and the coke consumed 
is assumed to be about 21 cwt./ton of iron, the belt system 
will be handling about 200 tons/hr. when feeding three 
furnaces. Large belt sizes and speeds are not required 
to deal with this quantity if the belt is continuously 
loaded ; however, in this case sections of the belt are 
always running light to divide the batches required at 
the individual furnaces. Some further information 
about these belts would be of interest. 

On p. 410, the author states : ‘‘ To ensure continuous 
operation, the charging system for these has been de- 
signed for eventual duplication.” Later he says: 
“Each will be able to maintain, with a considerable 
margin, the full charging rate for three furnaces.” 
Duplicating the conveyor system to this extent seems to 
be a luxury, or implies a lack of faith in the equipment. 
Is there a reason for this decision, as it would appear 
that one of these lines complete with its scale car would 
always be out of action? 

The system of control adopted contains some new 
features. The author’s statement that this method of 
control may seem to be very complicated is surely an 
understatement. He compares it advantageously with 
the control equipment provided on a three-furnace plant 
with skip-hoist charging. In the plant under review, 
all the controls are supervised by one man ; on a normal 
plant one man is usually concerned with charging one 
furnace only. To imply that the complication is reduced 
because some of the controls seldom operate is beside the 
point. In practice a man is capable of understanding 
and appreciating the information given by quite a large 
number of instruments, provided that these work in a 
fixed and regular sequence. When large numbers of 
controls and signals do not operate regularly, the operator 
gets very little practice in their use, and may in an 
emergency have some difficulty in recalling their exact 
significance. 

With this system two men only are required to feed 
and control three furnaces, compared with one man per 
furnace in an equivalent skip-charged installation ; there 
is therefore a saving in manpower. The two men 
operate the scale car and furnace controls, respectively. 

On p. 414, it is stated that : “‘ A stoppage or failure of 
any part also stops the whole system.” Later, on p. 418, 
the author adds: ‘The working of the furnace-top 
equipment is independent of the charging system when 
revolving of the small-bell hopper has been initiated by a 
contact on the appropriate controller.”” These state- 
ments seem to conflict. Should a fault occur in the 
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charging system of any one of the three furnaces, there is 
bound to be a pile-up of material on the belt unless the 
fault is cleared very quickly. It would therefore be a 
safe practice for the belts to be stopped in the event of 
any fault occurring in the charging system, even if this 
fault is confined only to the distributor on one of the 
furnaces. There seems to be a basic disadvantage, 
therefore, in charging three furnaces by means of the 
same equipment, since a fault occurring on one furnace 
will stop the charging of the remaining furnaces. 

In comparing costs, the author thinks that it will 
ultimately be to the advantage of the belt system and 
states that the total cost of the duplicated conveyor 
system for three furnaces is a little more than that for 
skip hoists on two furnaces. From the context, the 
author is here presumably taking only the cost of the 
belt system between the bunkers and the furnaces, 
The comparison seems unfair because this belt system is 
relatively short and so does not lift the materials very 
much. The greatest gain in height is derived from the 
belt system working between the stockyard and the top 
of the bunker. Surely some portion of the cost of this 
should be included before the comparison is made. 

The bunker arrangements are generally in line with 
normal and accepted practice. The burden bunkers 
are fed by conveyors and the coke bunkers by a telpher 
system. The withdrawal of burden from the bunkers is 
by a scale car of conventional design and thence by a 
plate feeder to the belt. The coke bunkers deliver 
through vibrating screens and chute feeders directly on 
to the belt conveyor. Arrangements have been made 
for measuring coke by both weight and volume. The 
volume method is generally accepted as being less 
accurate, and it would be interesting to know why this 
system was installed, as modern weighing equipment is 
quite reliable. 

The revolving distributor on the furnace is stated to 
have special provision for maintaining its gas-tightness. 
As this has now been in operation for three years, it 
would be of interest to know if the seal has required any 
maintenance and if it is still gas-tight. 

Would the author install a system on the same prin- 
ciple as this one in a plant where it was possible also to 
install skip hoists? 


Mr. Hookham: Whilst it is generally preferable to keep 
the charging belts as short as possible, there is no tech- 
nical difficulty in making them longer, as would be the 
case if the bins were at general works level instead of on 
amound. The overall height to which the materials are 
lifted is independent of the elevation of the bins. 

Belt wear has not been heavy. The most heavily 
loaded belt, the main climbing one (B2), has been re- 
placed once in three years after carrying 1} million tons 
of material. One other belt has also been replaced but 
this was the result of accidental burning, not wear. 

No scrap or tap cinder is charged and, although the 
carrying of such materials on belts cannot be recom- 
mended, it is interesting to note that there is a blast- 
furnace in the U.K. with belts in its charging system 
which regularly carry scrap, and the way they stand up 
to it is astonishing. 

The belt underneath the feeders is 48 in. wide, and the 
remainder are 42 in. wide ; all run at 300 ft./min. Each 
charge can be 250 cu. ft. The feeders operate at 280 cu. 
ft./min. and if the belts were continuously loaded at this 
rate the tonnage rates would be 825 tons/hr. for ore and 
225 tons/hr. for coke. The belts are actually designed 
and powered on a continuously loaded basis. 

The coke rate of the present furnace is 18 cwt. per ton 
ofiron. The overall iron content in the burden material, 
including additions, is about 37%, so that Mr. White’s 
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DISCUSSION ON BELT-CHARGED BLAST-FURNACES 


figure of 200 tons of total materials charged per hour for 
three such furnaces is, therefore, approximately correct. 

A pile-up of material is not possible, since a stoppage 
anywhere in the system immediately brings the rest to a 
standstill. The working of the furnace-top equipment 
is independent of the belt system inasmuch as the top 
working would continue once it had been started, even 
if the belts stopped. However, the non-completion of 
the top working, or a breakdown of it, would eventually 
stop the belt system when it was next the turn of that 
top to work. The duplicate system would then be 
brought into use. Duplication is looked upon as an 
insurance for continuity of production and is not con- 
sidered to be a luxury. 

The statement in the paper that the cost of the system 
for belt-charging two furnaces is about the same as for 
two skip-charged furnaces, is more expensive for a 
single-furnace plant, but is cheaper for three or more 
furnaces, was based on several proposals investigated, 
and in each case a reasonable portion of the cost of the 
belts feeding into the bins was included in order to arrive 
at a fair comparison. 

Although coke can be charged either by weight or by 
volume, all actual charging has been by weight. The 
inclusion of the equipment for measuring by volume is 
so simple that it adds very little to the cost of the 
weighers. Two schools of thought are thus satisfied and, 
even if it is not normally used, it is a useful standby. 

The seal around the revolving hopper is just as tight 
now as it was three years ago. No attention or main- 
tenance has been necessary. 

My personal preference is for the completely indepen- 
dent skip-charging system, but I would have no hesita- 
tion in installing a belt system again. The results on 
this plant prove that belt charging is worth considering 
where conditions lend themselves to its use. 


Mr. F. G. Gledhill: In practice the difficulty envisaged 
by Mr. White would not arise. When all three furnaces 
are charging normally, the operator has to close a single 
switch to initiate charging, and then takes no further 
active part until a complete round of charges has been 
delivered to each furnace. By observing signal lamps 
and indicators while charging is taking place, he can 
check that each furnace-top gear is functioning properly 
and at the proper time, and that feeders are being re- 
charged ready for the next operation. Ample time is 
available for this, as a complete cycle takes about 10 min. 
If faulty operation occurs, it is quickly noticed, and if 
necessary the furnace or feeder concerned taken out of 
service. Provision is made for charging one, two, or 
three furnaces as required, so that if one develops a fault 
none of the others need be affected. Similarly, if an ore 
or coke feeder fails, arrangements can be quickly made 
for one of the others to take over its duty. 

Figure 11 of the paper may be a little confusing, as a 
number of controls were provided on the charging desks 
at the request of the operators to permit hand operation 
of the furnace-top gear in the event of failure of the 
automatic controls. These controls have, in fact, never 
been used for this purpose, but they have proved quite 
useful during maintenance and while testing. 

The statement made in the paper that the system is 
little more complicated than askip system is quite correct. 
With belt charging, the electrical equipment consists of 
standard contactor gear working in conjunction with the 
controllers, which are also built up of standard com- 
ponents. These controllers have proved to be extremely 
reliable, and faults which have occurred have been small 
and readily rectified. 

Servicing is carried out by the plant electricians, and 
on no occasion has it been necessary to call in the engin- 
eers. In general, faults have been caused by failure of 
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relay contacts or by dirty brush-gear but, as the elec- 
tricians become familiar with the equipment and its 
routine maintenance, even these are being eliminated. 
The longest stoppage which has occurred was caused by 
a burn-out of one of the synchronous generators, due to 
dirty brush-gear, and on this occasion the plant was out 
of service for 2 hr. 

The furnace operating staff have every confidence in 
the system, and regard the stoppages due to electrical 
faults as negligible. 


Mr. M. D. J. Brisby (B.I.S.R.A.) : Blast-furnace charg- 
ing is, in a way, a batch process, and I am doubtful 
whether it is advisable to have a continuous process 
feeding into a batch process without introducing buffer 
storage at the point where the second process takes over 
from the first. Where blast-furnace charging is con- 
cerned flexibility should be the key word, and I think 
the conventional feeder system wins on this score. 

Mr. Hookham gave an idea of the capital costs, but 
I feel that here the operating costs would be of greater 
interest. Capital costs depend very largely on the 
layout, the nature of the ground, and the geographical 
situation, and comparison between one scheme and 
another is therefore difficult. Operating costs would 
provide a good basis for comparison in deciding whether 
to install a conventional charging system or a belt 
system. 


Mr. Hookham: Blast-furnace charging is a batch pro- 
cess and will stay so unless something different from the 
double-bell system at the furnace top is devised. The 
coke and burden bins provide buffer storage between 
the continuous or semi-continuous bin-filling systems 
and the furnace-charging batch system, whether this is 
by skips or is by belts. 

There is very little difference in the operating costs. 
Labour costs are slightly lower with belt charging but 
power requirements are a little higher. 


Mr. P. F. Grove (McLellan and Partners) : As a col- 
league of Mr. Hookham’s at the time this plant was built, 
I wish only to stress one point : the relatively simple 
nature of the electrical equipment designed to carry out 
the timing of operations he describes. 

The problem was first studied by an electrical-instru- 
ment maker on the basis of motor-driven contact- 
making devices, which imitated the clock diagrams 
according to which the sequences were designed. A\l- 
though their design was not finally incorporated, their 
assistance was much appreciated in developing the 
principle on which the control might be carried out. 

The contract was placed eventually with a British con- 
trol-gear maker of long experience in the iron and steel 
industry, because they were best suited to handle the 
work asa whole. Their mechanical solution of the prob- 
lem by motor-operated cam-controller switches was a 
practical development from control-gear practice and 
avoided the use of more complicated electrical devices, 
which is of importance in a country where language and 
experience are different. 

The very satisfactory operation of the equipment from 
the start is a tribute to the co-operation and good rela- 
tions achieved between the British companies and the 
Belgian electrical staff. 


The Chairman: When there are two blast-furnaces 
together, they may not work identically—one may be a 
bit sick, or the other may be at another part of its life— 
and they cannot be burdened identically. Consequently, 
even the timing of the charging may be a little different 
from one to the other. Was a second equipment provided 
to help overcome that irregular situation, because with 
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belt-charging rhythm is needed if only one belt system 
is to be used for three furnaces? 


Mr. Hookham: I agree that the furnaces would very 
rarely be working in exactly the same way. Adjustment 
in the rate of charging or a change in the coke/burden 
ratio can be made by varying the amount per load. 
The high charging margin allows considerable adjustment 
to be made in this way. It should also be remembered 
that sequencing can be stopped at any time and odd 
loads charged. 


Major W. R. Brown (Ashmore, Benson, Pease and Co.): 
Mr. Hookham has solved a peculiar problem in a most 
ingenious way, but he admits that he would not whole- 
heartedly recommend a belt-charging system for fur- 
naces under normal conditions. I venture to doubt 
whether, for an orthodox plant, he would even claim 
that the system should be seriously considered vis-a-vis 
the conventional skip-hoist. 

With the skip system there is usually at least 50% 
excess capacity, which allows the filling to recover quickly 
after an interruption. Again, the rate of charging any 
single furnace is entirely independent of what may be 
happening at other furnaces in the same group. If the 
belt system can offer the same facilities to a limited 
extent, it can only do so asa result of certain complicated 
manceuvres which throw a lot of responsibility on to the 
operator. 

Another noteworthy item in the paper is the sealing 
device on the revolving distributor. It seems extremely 
simple, and the author states that for three years it has 
proved effective and has required no maintenance. 


FROM BOTTOM-DOOR WAGONS 


There is possibly one other test to which it should be 
put, namely, that it should be tried under high-top. 
pressure conditions. Such test might well enhance the 
author’s claims, for there is nothing fundamental about 
the sliding joint that would make it unsuitable for high 
pressure. 

The sealing gland between the rods of the large and 
small bells is mounted in a manner which provides for 
eccentric movement between these two members. This 
flexibility is obtained by expansion pieces in a tube 
carrying the gland. These expansion pieces would cer- 
tainly distend under 10 or 15 lb. gas pressure and might 
perhaps rupture. 


Mr. Hookham: Although considerable adjustments in 
individual charging rates are possible with the belt sys- 
tem, it is preferable to have independent operation for 
each furnace. This would be possible, for instance, in a 
two-furnace plant with a duplicated charging system, 
each system normally feeding one furnace independently 
of the other. Both furnaces could be kept going, even if 
there was a breakdown in one of the systems, and it would 
have the advantage over skip charging in this respect. 

The sealing device on the revolving distributor has not 
yet been installed on a furnace working with high top 
pressure. A shop test has, however, been made under an 
air pressure of over 21 lb./sq. in. (14 atm.) and the joint 
remained perfectly tight, both while stationary and 
while revolving. 

To prevent distension of the expansion pieces, which 
give flexibility of movement between the bell rods, they 
would be linked together with rods, as is done when this 
type of joint is used in steam mains. 





METHOD OF SAMPLING COKE 


DURING DISCHARGE FROM BOTTOM-DOOR WAGONS 


A method known as the ‘Normanby’ scoop has 
been devised by the Durham Coke Quality Panel for 
sampling coke at blast-furnaces from all types of hopper 
wagon from underneath the wagon as the stream falls 
from the doors into bunkers or receiving hoppers. A 
feature of the method is that all the doors of any type 
of hopper wagon are accessible and the stream from 
each door can be sampled at the beginning, middle, and 
end of its period of discharge, in accordance with 
principles laid down by the Joint Coke Consultative 
Committee. 

As shown in the diagram, the sampling scoop consists 
of a light steel framework 12 in. square and a piece of 
canvas or other flexible material fixed on to a stout 
#-in. wire which is also 12 in. square. This fits on the 
underside of the framework, forming a shallow container 
which holds about 10 Ib. of coke when full. A wooden 
or steel tubular shaft is fixed on to each of two opposite 
sides of the framework, one 4 ft. long and the other 
5 ft. A V-shaped handle is fitted to the end of the shorter 
shaft and is held by the operator when taking the 
increment, the longer shaft resting on the far rail beneath 
the wagon; in effect, the far rail is used as a fulcrum. 

In operation, when the wagon containing the coke to 
be sampled is in position over the bunker, the device is 
placed at rail level close to (but not directly underneath) 
a door, at the side away from the wheel and the end of 
the wagon. When the door is dropped, the operator 
inserts the steel-framed canvas container into and then 
out of the falling stream of coke as desired. The 5-ft. 
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shaft is long enough to enable the operator to pull the 
container within easy reach after taking the increment, 
whilst still utilizing the support of the far rail. The 
device can thus be conveniently removed from beneath 
the wagon and the increment of coke can be immediately 
tipped into the collecting bin. 

Although these notes refer specially to large coke, the 
scoop could be adapted for sampling coke nuts, breeze, 
coal, etc. 
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ANNOUNCEMENTS AND NEWS OF SCIENCE AND INDUSTRY 





THE IRON AND STEEL INSTITUTE 
Special Meeting in Sweden 


A short account of the Special Meeting of the Institute 
which was held in Sweden in June, 1954, will be published 
in the September issue of the Journal. 


Honours Conferred on Members in Sweden 
and Finland 
Evert Wijkander 


It was announced during the Special Meeting held in 
Stockholm on 12th June, 1954, that the Council had 
nominated Mr. Evert Wijkander, Managing Director of 
AB Bofors and President of Jernkontoret, to be an 
Honorary Vice-President. A portrait of Mr. Wijkander 
was published as the frontispiece to the May issue of 
the Journal, and a biography was given on p. 194 of 
that issue. 


Gosta Frisell 


The Council has also nominated Mr. Gésta Frisell, 
formerly Managing Director of Jernkontoret, to be an 
Honorary Member of the Institute, in recognition of his 
distinguished services to the iron and steel industry of 
Sweden and to the Institute. A portrait of Mr. Frisell 
was published as the frontispiece of the May issue of the 
Journal, and a biography was given on p. 194. 


Berndt Gronb!om 


The Council has nominated Mr. Berndt Grénblom, 
Chairman and Managing Director of O.Y. Vuoksenniska 
AB, Finland, to be an Honorary Vice-President, in 
recognition of his distinguished services in developing 
the iron and steel industry of Finland and in fostering 
friendly collaboration with the Institute. A portrait 
and biography of Mr. Grénblom will be published in the 
October issue of the Journal. 


NEWS OF MEMBERS 


> Mr. K. F. Bray has left Powell Duffryn Technical 
Services, Ltd., to become Development Engineer to 
Gibbons Bros. Ltd., Dudley. 

> Mr. P. Cameron has joined the Iron and Steel Board. 
> Mr. V. C. Hanson has left Kent Alloys Ltd., and has 
been made a Director of the Engineering Reconstruction 
Co. 

> Dr. K. J. Irvine has left the University of Leeds to 
join the Research and Development Department of the 
United Steel Companies, Ltd. 

> Mr. W. E. J. Lewis has retired from his appointment 
as Principal Surveyor for Metals to Lloyd’s Register of 
Shipping. 

> Mr. J. A. Macmitian has joined the Globe Iron Co., 





Co., Ltd., as First Staff Assistant in the Blast-Furnace 
Department at Kulti. 

> Mr. F. Muttin has left the Tata Iron and Steel Co., 
Ltd., to join the Tinplate Co. of India, Ltd. 

> Mr. B. V. Prasuu has joined M/S National Pipes and 
Tubes Co., Ltd., Shamnagar, India, as a Technical 
Assistant. 

> Mr. B. R. Price has left the National Tube Division 
of the United States Steel Corporation to rejoin the 
Atomic Power Division of the Westinghouse Electric 
Corporation. 

> Mr. P. Roserts has joined Metropolitan-Vickers 
Electrical Co., Ltd., as a Junior Technical Assistant in 
the Metallurgical Research Department. 

> Mr. C. W. SarcEAnt has joined James Linday and 
Sons, Ltd., Nottingham. 

> Mr. V. Tuomas has left the General Electric Co., Ltd., 
to join the R.T.S.C. Central Research Laboratories, 
Aylesbury. 


Birthday Honours 


> Mr. FREDERICK Scores, President of the Joint Iron 
Council and Managing Director of the Stanton Ironworks 
Co., Ltd., has been created a Knight Bachelor. 


Obituary 


Colonel ALAN STEIN, O.B.E., Chairman and Managing 
Director of John G. Stein and Co., Ltd., on Ist June, 
1954, aged 65. 


CONTRIBUTORS TO THE JOURNAL 


S. Muir—On the staff of the Department of Research 
and Technical Development, Stewarts and Lloyds Ltd., 
Corby. 

Mr. Muir was educated at Bellshill Academy, Lanark- 
shire, and at the Leicester College of Arts and Techno- 
logy. He joined the staff of Stewarts and Lloyds Ltd. 
as a chemist in the Department of Research and Tech- 
nical Development in 1935. For the last nine years he 
has specialized in spectrochemical analysis. 





Jackson, Ohio, U.S.A., as General Superintendent. s 
> Mr. P. S. Matuur has joined the Indian Iron and Steel M. R. Slack 
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M. R. Slack, B.Eng., Ph.D.—Chemical Engineer with 
the English Electric Company. 

Dr. Slack was educated at King Edward VII School, 
Sheffield, and at the University of Sheffield, where he 
graduated with Ist Class Honours in Fuel Engineering 
in 1950. He was awarded the degree of Ph.D. of the 
University in 1953 for work on unsteady-state heat flow. 
He took up his present appointment in the same year. 


BRITISH IRON AND STEEL RESEARCH 
ASSOCIATION 


Seventh Junior Blast-Furnace Conference 


The Seventh Junior Blast-Furnace Conference was held 
at Ashorne Hill on 19th-20th May, 1954, when an 
attendance of 60 was registered. In the unavoidable 
absence of Dr. H. L. Riley, the Chair was taken at short 
notice by Mr. J. M. Ridgion. During the Sessions, the 
proceedings were under the guidance of two Vice- 
Chairmen, Mr. A. Embleton and Mr. J. Evans. 

The Conference opened with a paper by Mr. D. Rist 
giving an account of typical blast-furnace practice on 
the north-east coast. Details were given of furnace 
design and ancillary equipment, together with the 
operating conditions and methods of controlling iron 
quality applicable to a mixed home and foreign ore 
burden. At the second session, Mr. J. K. Holgate 
described the factors limiting the production of a blast- 
furnace. He outlined the limiting features as physical, 
economic, and operational, and discussed in detail the 
desulphurization potential of slag in relation to its 
optimum composition. 

For the following session the Conference was divided 
into four discussion groups to consider subjects directly 
concerned with blast-furnace operation and practice. 
The elected Chairmen of the respective groups then 
reported back to the full Conference at a subsequent 
session. The Conference concluded with a review of 
several current research projects in ironmaking, given 
by members of the Divisional Staff. 

The principle of having two members of the Junior 
Conference acting as Vice-Chairmen throughout the 
Conference was very satisfactory, particularly in en- 
couraging discussion from the floor. A Summary of 
the Proceedings will be available in restricted form in 
due course. 


Furnace-Scanning Periscope 


A water-cooled periscope, recently designed by the 
British Iron and Steel Research Association, makes it 
possible for the first time not only to see inside a working 
open-hearth furnace, but also to make both moving and 
‘still ’ photographic records of its operation. The optical 
system allows the entire inside of the furnace to be 
scanned. 

The instrument, which is 6 ft. long, is mounted on a 
wheeled trolley. A water-cooled jacket of mild steel, 
4 in. in dia., protects it from the intense heat. Three 
small holes, with heat-resisting windows, in the nose of 
the water jacket, admit light to the optical system, which 
consists of a reflecting heat unit with a concave mirror 
and a partially reflecting plate. Three adjacent zones 
of view are covered. These are selected by moving a 
single control, which operates the reflector plate. The 
first zone covers 0—40°, 0° being the direction in which 
the barrel of the instrument is pointed. The neighbouring 
zones extend from 40° to 80°, and 80° to 120°, respectively. 
The width of the section scanned is 36°, so that a ‘ slice ’ 
120° x 36° can be seen without moving the periscope 
tube. , 

When the tube is rotated on its axis the ‘slice’ can 
be moved so that the whole of the roof, or the whole 


JOURNAL OF THE IRON AND STEEL INSTITUTE 





View through the periscope directly down the burner in an open- 
hearth furnace. The flame, molten charge, and furnace doors 
are clearly visible. With the photographic technique used, a blind 
spot appears in the picture 


inside of the furnace if necessary, can be scanned. In 
addition, as the view extends 30° back from a line at 
right angles to the barrel of the instrument, the wall 
through which the periscope is inserted can also be 
viewed. Photographs of the inside of the furnace show 
only slightly less detail than can be seen by looking 
through the instrument; 16-mm. films have also been 
taken through the periscope at speeds of about 1000 
frames/sec., showing the burner flame and bath of molten 
steel from various positions. Therefore, although the 
instrument is devised primarily for investigating the 
distribution of temperature over the furnace roof, it can 
also be used for visual, photographic, and cinematic 
examination of any point in the furnace. 

The roof temperature could be determined over a 
large area by measuring the photo-density of a photo- 
graphic image, but as there are no speedy techniques for 
doing this at present the possibility of measuring the 
temperature by incorporating a photo-electric element 
in the instrument is being examined. Meanwhile, it is 
planned to use the periscope to study the melting of 
scrap and the behaviour of the burner flame. Much useful 
information has, in fact, already been gained from 
studying the effect of flame shape on the wear of refrac- 
tories in different parts of the furnace. 


Staff 


Mr. J. M. Ripcion has been appointed Deputy Head 
of the Ironmaking Division of B.I.S.R.A., and Head of 
the Association’s North East Coast Laboratories at 
Normanby. 


NEWS OF SCIENCE AND INDUSTRY 


Readership in Metallurgy 


At a meeting of Congregation held on Ist June, 1954, 
the University of Oxford accepted the offer of the 
Pressed Steel Co., Ltd., to establish a Readership in 
Metallurgy in memory of the late Dr. George Kelley, 
who was formerly Managing Director of the Company. 
Dr. Kelley was an American who graduated at Harvard 
University, where he spent some years as a lecturer and 
associate professor. He joined the Pressed Steel Co., 
Ltd., in 1931, and took a great interest in industrial 
and economic matters, and in the well-being of employees 
under his control. During his years at Oxford he became 
acquainted with many members of the University, and 
for his contributions to science and industry he received 
an honorary M.A. degree in 1943. He played a prominent 
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part in creating friendly relations between the University 
and the industries of modern Oxford, and it is fitting 
that his name should be perpetuated in connection with 
metallurgy, in which his chief interest lay. 

The Research Fellowships established by the Pressed 
Steel Co., Ltd., have provided a great stimulus to 
University research, and the gift of a Readership in 
Metallurgy is a further example of the Company’s 
generosity. Research work in metallurgy has been 
carried out in the Inorganic Chemistry Laboratory at 
Oxford for 28 years, and in 1949 metallography was 
accepted as an official supplementary subject. The 
George Kelley Readership marks a further stage in the 
establishment of metallurgy in the University, and is 
a great encouragement to those concerned with metal- 
lurgical science. 


Research Assistantships 


Applications are invited for full-time Research 
Assistantships in the Departments of Botany and 
Zoology, Chemistry, Mathematics, Metallurgy (including 
Geology), and Physics of the Sir John Cass College. The 
purpose of the awards is to enable students who are 
suitably qualified to obtain training at the College 
in methods of research under the supervision of a Head 
of Department. Normally, Research Assistants will 
proceed to a higher degree of the University of London. 

The Assistantships are tenable for two years and may 
be extended for a third year. Research Assistants are 
expected to hold the award for not less than one calendar 
year, continuation being subject to satisfactory progress. 
Unless very exceptional circumstances arise, holders are 
expected to resign their awards only at the end of a 
complete year. The value of an Assistantship is £350 
p.a., which is at present subject to Income Tax and 
National Insurance Contribution. Holders of the awards 
will be required to undertake teaching duties, as directed 
by the Head of the Department, for six hours weekly 
without further payment. Application forms for an 
award, tenable from Ist September, 1954, are obtainable 
from the Secretary, Sir John Cass College, Jewry Street, 
Aldgate, London, E.C.3. 


Conference on O.H. Flames and Output 


A one-day conference on open-hearth flames and out- 
put will be held by the West of Scotland Iron and Steel 
Institute in Glasgow on 10th September, 1954. Five 
papers will be presented for discussion: ‘‘ Combustion 
and Radiation Characteristics of Oil and Coke-Oven Gas 
Jet Flames,” by M. W. Thring; “‘ Melting Rates in the 
Open-Hearth Furnace,” by E. J. Burton; “ Improvements 
in Firing Oil and Coke-Oven Gas in the Open-Hearth 
Furnace,” by J. A. Leys; “ Making Producer Gas a 
Competitive Fuel,” by G. W. C. Allan; ‘‘ The Use of 
Various Fuels in the Open-Hearth,” by W. B. Wright. 

Applications for registration for the Conference should 
be sent to the Secretary, West of Scotland Iron and 
Steel Institute, 39 Elmbank Crescent, Glasgow, C.2, by 
not later than 3lst August, 1954. 


British Standards 


The British Standards Institution has recently issued 
B.S. 2094: 1954, “* Glossary of Terms Relating to Iron and 
Steel.”” This Standard is in six parts: ‘“‘ General metal- 
lurgical, heat treatment and testing terms,”’ “‘ Steel making,” 
‘Hot rolled steel products (excluding sheet, strip and 
tubes),” ‘‘ Steel sheet and strip,” ‘‘ Bright steel bar and 
steel wire,” ‘‘ Forgings and drop forgings.”’ The Glossary 
has been prepared to establish, as far as possible, 
uniformity in the interpretation of the numerous terms 
in current use. The scope has been limited to those 
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terms in general use in the different producing sections 
of the iron and steel industry. Terms dealing with the 
various applications of iron and steel products, e.g., in 
welding and electrical engineering, are covered in other 
British Standard glossaries. Part 1 is complementary 
to the other parts of the Glossary, which deal with 
particular sections of the industry. 

Other new Standards recently issued include B.S. 2454: 
1954, ‘‘ Determination of Magnetic Permeability of Iron 
and Steel Bars, Forgings and Castings” (price 2s. 6d.), 
and a new specification for steel tubes for aircraft—B.S. 
T.61, ‘“‘Chromium—Nickel Heat-Resisting Steel Tubes 
(Suitable for Welding)” (price 1s. 6d.). The latter replaces 
a previous Standard, D.T.D. 491. 


Spheroidal Graphite Iron 


The formation is announced of a new body, the British 
8.G. Iron Producers’ Association, with the objects of 
facilitating the exchange of information on the manu- 
facture of spheroidal graphite cast iron, and of encourag- 
ing its use in the applications for which it is suitable. 
The Association will also co-operate with the British 
Standards Institution in the preparation of a specification 
for this material. Mr. P. A. Russell and Mr. W. R. Cooper 
have been elected Chairman and Vice-Chairman respec- 
tively, and Mr. C. Gresty has been appointed Hon. 
Treasurer. The Secretariat and Offices are at 94-98 Petty 
France, London, 8.W.1. 


Refractories 

The Morgan Crucible Co., Ltd., have recently issued 
a book entitled ‘“‘ Uncommon Clay,’ which describes 
the formation and growth of the Refractories Group of 
the Company. It shows, by means of profuse illustra- 
tions, stages in the manufacture of refractories, including 
material processing, shaping, kilning, quality control, 
machining, and inspection. A full list of the products 
of the Refractory Group is also given. 


Chief Inspector of Factories 

The Annual Report of the Chief Inspector of Factories, 
Sir George Barnett, has recently been published. It is 
available from H.M.S.O. or through any bookseller, 
price 6s. 6d. 


CORRIGENDUM 
High Duty Alloys Ltd. 


In the May issue of the Journal (p. 200) it was erro- 
neously stated that High Duty Alloys Ltd. had taken 
over three works of Richard Thomas and Baldwins Ltd. 
In fact, only two works, Wern Works and Byass 
Works, have been transferred. The Cwmfelin Press and 
Fabrication Works at Swansea remains part of Richard 
Thomas and Baldwins Ltd. and is engaged fully in the 
fabrication of metal products. 


TRANSLATION SERVICE 


(The previous announcement was made in the July, 
1954, issue of the Journal, p. 356). 
TRANSLATIONS AVAILABLE 

No. 489 (French). P. Carrier, C. DuBois, J. BLETON, 
and P. Bastien: “ Contribution to the Study 
of Banded Structures in Forging Steel. Influence 
of the Migration of Carbon and Thermal Treat- 
ment on Minor Segregation.” (Revue de Métal- 
lurgie, 1953, Apr.). 

No. 490 (German). C. BrUcHHAUSEN: “ Lining of Hot- 
Metal Mixers.”’ (Stahl und Eisen, 1953, vol. 73, 
Nov. 5, pp. 1453-1457). 
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MINERAL RESOURCES 


Study and Reconnaissance of the Biscayan and Santander 
Ore Deposits. (Southern Zone and Bodovalle Zone). R. de 
Gortazar and J. Castells. (Inst. Hierro Acero, 1953, 6, Oct.- 
Dec., 356-373). [In Spanish]. 

Mineral Zones and Mines of Bajo Nalon. P. Hernandez 
Sampelayo. (Jnst. Hierro Acero, 1953, 6, Oct.-Dec., 374- 
380). [In Spanish]. The Spanish ore deposits of Bajo Nalon, 
Ranon, and Soto del Barco, which contain from 35 to 50% 
iron are described.—R. A. R. 

The Brown Iron Ore Resources of Missouri. E. L. Clark 
and G. A. Muilenburg. (Min. Eng., 1954, 6, Feb., 63-66). 
Interest is reviving in the limonite deposits of Missouri ; these 
are potentially great in the aggregate, though individual 
deposits are small. The orefield is reviewed from the aspects 
of ore characteristics, occurrence, exploration, mining, and 
beneficiation.—k. E. J. 

Investigation of Alabama Manganese Deposits, Calhoun, 
Cherokee, and Cleburne Counties, Ala. C. E. Wyndham. 
(U.S. Bur. Mines Rep. Invest. 4976, 1953, July). A geological 
survey of this district has been made and the results of tests 
carried out to concentrate the manganese in the core samples 
obtained, are described.—R. G. B. 

Reconnaissance of the Cartersville Manganese Deposits, 
Bartow County, Ga. J. F. O’Neill and C. E. Wyndham. 
(U.S. Bur. Mines. Rep. Invest. 5017, 1954, Jan.). The 
results of a geological survey of this district which is 40 miles 
N.W. of Atlanta in Georgia, U.S.A., are given.—B. G. B. 

The More Important Ore Deposits of Tunisia. G. Ufer. 
(Stahl u. Eisen, 1954, '74, Feb. 25, 287-290). The situation, 
geological formation, and output of the various mineral 
deposits of Tunisia, inc ‘luding the iron ore fields of Douaria, 
Tanera-Gamara, and Djerissa, are discussed.—J. P. 

The Iron Ore Deposits of Conakry in French Guinea eit 
Africa). E. A. Scheibe. (Stahl u. Eisen, 1954, 74, Feb. 
215-219). The origin, Beton at and disposition of hi 
lateritic ores at Conakry are discussed. The composition of 
the ores, the estimated reserves and the methods of mining 
are reported.—J. P. 


ORES—MINING AND TREATMENT 


Iron Ore Mining on the Mesabi Range. D. D. Howat. 
(Mine Quarry Eng., 1954, 20, Feb., 52-60). A well illustrated 
description is given of the open-cast working of the Mesabi 
Range for iron ore, and present trends in the type of equipment 
and mode of working are pointed out. The following are 
being increasingly employed : Large draglines, power shovels 
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and rail trucks ; diesel electric locomotives ; conveyor belts ; 
and jet piercing for shothole preparation.—D. L. c. P. 

ge ar ‘Four Months from Plan to Production. (Eng. 
Min. J., 1954, 155, Jan., 84-88). After surveys had indicated 
the ae of substantial ore bodies, the Utah construction 
Co. developed the Marcona mine in Peru to the production 
stage in four months. Details of the equipment are given. 
Over 70 million tons of commercial ore are believed to be 
present, and present shipments contain over 60% iron. 

Swedish Forests, Ore and Iron in Retrospect. G. De Geer. 
(Blad Berg. Vadnner, 1954, 30, (2), 351-365). [In Swedish]. 
The author reviews developments in Sweden’s resources since 
1900, with especial reference to increased productivity due to 
technical advances. Sections deal with ore mining (progress 
due to long-hole drilling), blast-furnace techniques, and rolling 
capacity.—G. G. K. 

Ore Crushing and Handling System. L. O. Millard. (Amer. 
Soc. Civil Engineers : Mines Mag., 1953, 48, Nov., 19-22). 
Details are given of the ore handling system at Puerto Ordaz, 
Venezuela, installed by the Orinoco Mining Co. to deliver ore 
from Cerro Bolivar for blast-furnace use. It is essentially a 
transfer station for unloading run-of-mine ore from mine 
cars, crushing, storing on the ground, reclaiming, and loading 
into sea-going ships. All components are designed to handle 
6000 long tons of ore per hour.—k. E. J. 


The pean of Ore Carriers in Recent Years. W. 
Stewart. (N.E. Coast Inst. Engineers and Shipbuilders 
Preprint, Apr. 5, 1954). Four modern ore and ore-and-oil 
carrying ships are described. These vary in deadweight (ore 
condition) from 23,870 tons to 59,200 tons.—R. A. R. 

Imported Iron Ore: Latest Transport and Handling Facilities 
for the Iron and Steel Industry. (Jron Coal Trades Rev., 1954, 
168, Feb. 19, 453-455). <A brief review is given of the latest 
transport and handling facilities for iron ore imported for the 
British iron and steel industry, both sea and land transport 
being considered.—e. F. 

New Unloading Tower Goes into Operation on Baltimore 
Pier. (Jron Steel Eng., 1954, 81, Jan., 162-165). The article 
describes a large ore unloader. It is capable of discharging 
ships at the rate of 1900 tons/hr. and it incorporates the latest 
developments, mechanical and electrical. The unloader 
operates in conjunction with a belt system feeding to storage 
and to wagon loading chutes.—m. D. J. B. 

Concentration of Oxide and Silicate Manganese Ores from 
the Vicinity of Winnemucca, ag County, Nev. H. G. 
Iverson and D. T. Holmes. (U.S. Bur. Mines Rep. Invest., 
5022, Jan., 1954). 
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FUEL—PREPARATION, PROPERTIES, AND USES 


Introduction to a Study of the Nature and Origin of Fusain 
(Fusinite). C. E. Marshall. (fuel, 1954, 38, Apr., 134-144). 

Geological Factors in the Metamorphic Development of Coal. 
J. A. Dulhunty. (Fuel, 1954, 38, Apr., 145-152). 

X-Ray Studies of the Ultra-Fine Structure of Coal I—Low- 
Angle Scattering of Vitrinite from Coal of Differing Rank. 
J.B. Nelson. (Fuel, 1954, 38, Apr., 153-175). 

Chemical Structure and Properties of Coal III—-Molar Re- 
fraction. J. Schuyer and D. W. van Krevelen. (uel, 1954, 
33, Apr., 176-183). 

Chemical Constitution of Coal I—Preparation and Properties 
of Humic Acids from Coal. A. E. W. Bailey, I. E. Kimberley, 
and 8. G. Ward. (Fuel, 1954, 88, Apr., 209-221). 

Recent Advances in Infra-Red Spectroscopy. J. K. Brown. 
(Brit. Coal Utilization Res. Assoc. Monthly Bull., 1953, 17, 
Nov., 449-464). The literature on the use of infra-red 
spectroscopy for research on the nature of coals is reviewed. 
(232 references).—R. A. R. 

Froth Flotation of Low-Rank Coals. J. A. E. Allum and 
P. F. Whelan. (J. Inst. Fuel, 1954, 27, Mar., 142-147). 

Effect of Coal Washing on Coke Strength. K. Hisada and 
M. Ota. (Tetsu to Hagane, 1950, 36, Dec., 584-586). [In 
Japanese]. Coal washing improves uniformity of composition 
and crushability ; it also minimizes the effects of weathering 
during storage. Coke strength is consequently poayegus 

Underfiring of Coke Ovens with Natural Gas. W. EK. Tate 
and M. Harrison. (Proc. Amer. Gas Assoc., my 678 -684). 
A chronological account is given of the development of a 
method of firing coke ovens in Brooklyn with natural gas. 
It is concluded that it can now conveniently be employed on 
existing plants without extensive alterations, and in some 
aspects, with advantage.—D. L. ¢€. P. 

Method of Sampling Coke During Discharge from Bottom- 
Door Wagons. British Coking Industry Association. (J. Iron 
Steel Inst., 1954, 177, Aug., 454). [This issue]. 

Study on the Ashes of Coking Coals, Producer Coals and 
other Coals for Iron and Steel Production. 8. Sasaki. (Tetsu 
to Hagane, 1950, 36, Oct., 463-472). [In Japanese]. Data 
on the analyses, ash contents, ash compositions and ash refrac- 
toriness are presented for 35 types of coal (Japanese, Sakhalin, 
Chinese, Manchurian, and ( ‘anadian. )—K. E. J. 

How Does Coal Coke? F.W. Smith and R. L. Brown. 
(Proc. Amer. Gas Assoc., 1952, 7 719-729). After a survey of 
the literature, a concept of coking is described according to 
which the following are necessary for a material to give a 
coherent coke residue: (1) An appreciable fraction of the 
material fusing at an elevated temperature ; (2) simultaneous 
decomposition and polymerization must occur at or near the 
fusion temperature ; and (3) the vapour pressure of the fluid 
material must be quite low. Tests on a me of organic 
chemicals are quoted to support this.—b. L. c. P. 

Utilization of Low-Grade Fuels in the Metal Industry. F. 
Hanus. (Hutnik, (Prague), 1953, 8, (11), 255-256). [In 
Czech]. An account of recent trends and developments in 
the utilization of low-grade fuel to replace coking coal is given. 
The use of lignite-charcoal-tar brickets, the sulphur and ash 
content of which has been reduced by treatment with hydrogen 
and chlorine, perfected by Bilkenroth and Rammler, is 
described. The need for accurate temperature control when 
coking low-grade coal, and the disadvantages of quenching 
coke with water, the use of charcoal and anthracite-coke 
mixtures in Russian blast-furnaces, and developments in fuel 
saving techniques in Czechoslovakia are considered.—P. F. 

Ferrocoke. A. R. Myhill. (Mech. World, 1954, 184, Jan., 
36-37). A new development is described which produces a 
coke-iron combination ready for charging into the blast- 
furnace. Crushed iron ore when added to certain types of 
coal will produce a hard strong coke containing iron and iron 
oxides.—D. H. 


Problems of Domestic Coke Production. I. Péter. (Kohas- 
zati Lapok, 1952,'7, Jan., 12-23). [In Hungarian]. Problems 


of coke production from Hungarian coals and lignite are dis- 
cussed and a pilot washing and coking plant is described. The 
results of coking and briquetting tests are given.—R. A. R. 
Physical and Chemical Factors in the Early Stages of Coke 
Formation. I. G. C. Dryden and M. Griffith. (Brit. Utilisa- 
tion Res. Assoc. Monthly Bull., 1954, 18, Feb.-Mar., Part I, 
62-86). This review of the literature is concerned mainly 
with the mechanisms underlying softening and swelling at 
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temperatures up to the end of the plastic range (about 500° C.). 
(180 references).—R. A. R. 


TEMPERATURE MEASUREMENT AND CONTROL 


Standards of Temperature. R. E. Wilson. (Jndust. 
Heating, 1954, 21, Feb., 252-260, 384-386). Equipment and 
methods for the maintainment of standards and the calibra- 
tion of other equipment are described.—Rr. Ww. B. 

Comparison of Different Methods of Determining the True 
Temperature and Emission Factor of ne Flames. L. 
Charpenet. (Chal. et Ind., 1954, 35, Jan., 3-9). A cinema- 
tographic method, a method using a Pe trole sum Institute type 
pyrometer, and one using an e slectronie pyrometer have been 
experimentally compared. After a theoretical account of 
Kurlbaum’s method, the experimental technique and type 
of flame employed are described.—a. G. 

A New Method of Improving Furnace Temperature Control. 
W. James. (J. Sci. Instruments, 1954, 31, Jan., 23-25). To 
reduce the temperature differential of an on-off type of resist-' 
ance thermometer, a modified bridge circuit was designed. 
The circuit described has been used to control the temperature 
of a laboratory furnace to within + 0-25°C. for several hours 
at a temperature range of 500-850° C. The use of the circuit 
as a proportional controller is also described.—t. D. H. 

Automatic Open-Hearth Furnace Control Based on Roof 
Temperature Measurements. M. Gottwald. (Hutnické Listy, 
1954, 9, (2), 90-94). [In Czech]. The installation, mode of 
operation and performance of a Kent furnace control installa- 
tion based on roof pyrometry is described. Results obtained 
on a 250-ton tilting open-hearth furnace are given and 
discussed.—P. F. 

A New Photoelectric Cell Pyrometer. A. Peuteman. 
(Comptes Rend., 1953, 287, Oct. 28, 975-977). A description 
is given of the instrument, which is basically a deviation 
pyrometer, employing pseudo-monochromatiec red light. 
Calibration curves indicate an accuracy of + 2° C. and the 
sensitivity at 1600° C. is 1 millivolt for 5° C.—a. a. 

Instrumentation for Process Control. 8. T. Lunt and A. J. 
Young. (J. Inst. Fuel, 1954, 27, Jan. 39-46). Developments 
since 1946 are reviewed. Analysis of values in plant opera- 
tion which govern the type of controlling action required, and 
the principles of commercial controlling units are covered. 
Final sections deal with measurement and control of particular 
quantities. D. i. 6. 2. 

A Review of Progress with Molten Steel Temperatures at 
Central Alloy District, Republic Steel Corporation. D. G. 
Harris. (Amer. Inst. Min. Met. Eng. Proc. Elec. Furn. 
Steel Conf., 1952, 10, 218-231). The development of immer- 
sion pyrometry at the Central Alloy District of the Republic. 
Steel Corp. is reviewed, and some of the problems encountered 
are described. Factors affecting the life of the platinum 
thermocouple are discussed, and attention is also given to 
temperature recorders, thermocouple sheaths, the shape of 
the dip instrument, refractories and cements, insulators, and 
compensating leads.—«. F. 


REFRACTORY MATERIALS 


Prospecting for Refractory Raw Materials. W. Davies. 
(Refract. J., 1954, 30, Feb., 46-53). The procedure for locat- 
ing mineral deposits and assessing the suitability for develop- 
ment is described, with examples from Great Britain.—v.L.c.P. 

Three-Sheet Minerals in Clays. E. J. Weiss and R. L. 
Stone. (Amer. Ceram. Soc. Bull., 1954, 38, Feb., 51-54). 
A ball clay and iwo kaolins were fractionated by settling and 
centrifuging and the three fractions examined by X-ray and 
thermal analysis. The method and results are given. <A 
high concentration of a os three-sheet type mineral was 
found in the fine fractions (- Pore and a concentration of 
kaolinite in the coarse grains ( -5p).—D. L. C. P. 

Firing Carbonaceous Shales in an Ore Sintering Plant. B. 
Sewerynski. (Prace Instytutow Ministerstwa Hutnictwa, 
1954, 6, (6), 322-328). [In Polish]. The experimental firing 
pe seth! wach shales with a view to producing a raw material 
for refractories was carried out in a laboratory sintering box. 
The influence of suction, addition of water and diluents, bed 
height, and particle size distribution was investigated. The 
optimum conditions to result in a product of the required 
propertie 8, v.e., relative porosity 16% and loss on ignition less 
than 1-5%, were established,—v. «a, 
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Studies on Chromite-Magnesia Refractories by Using Sea- 
water Magnesia. S. Nagai, Z. Ota, and F. Tanemura. 
(Annual Report Engineering Res. Inst., Tokyo University, 
1953, Dec., No. 12, 48-53). [In Japanese]. The authors 
describe tests on chromite-magnesite bricks of various com- 
positions prepared using sea-water magnesia. The studies 
made were: (1) The utility of sea-water magnesia ; (2) the 
relative merits of light and dead-burned sea-water magnesia ; 
(3) analysis of free MgO in the bricks ; and (4) brick texture. 

Studies on Special Refractories. S. Nagai, S. Komatsu, 
K. Yoshizaki, and M. Nakayama. (Annual Report Engineer- 
ing Res. Inst., Tokyo University, 1953, Dec., No. 12, 56-60). 
[In Japanese]. The authors describe the preparation and 
testing of special chromite-magnesia refractories prepared 
using sea-water magnesia. The magnesia was precipitated 
by dolomite calcined with limonite at 500°C. It was found 
that : (1) The addition of limonite increases the compressive 
strength and raises the softening point ; and (2) the sea-water 

.magnesia imparts greater resistance to bursting.—t. E. w. 

Consett Iron Company Limited: Basic Refractories Plant. 
(Iron Coal Trades Rev., Special Issue, 1954, 168, Mar. 1, 99- 
102). A new self-contained basic refractories plant has been 
built by the Consett Iron Co. Ltd. at Jarrow. Following a 
brief account of the foundations and civil engineering con- 
cerned in the building of the plant, details are given of raw 
materials handling and preparation, blending and mixing, 
pressing and moulding, drying, and firing.—e. F. 

Production of Refractories in the U.S.S.R. S. Glebov. 
(Refract. J., 1954, 30, Feb., 58-63). A survey of recent 
trends, present conditions and future plans is given. Fire- 
clay, silica, basic, and other refractories are dealt with, also 
metallurgical furnace practice. Tables are given of typical 
compositions and properties. Expansion of the refractories 
industry follows the expansion of the country’s industrial 
output, with production of basic refractory products showing 
an especially large increase. Dozens of open-hearth furnaces 
have roofs and ports made wholly of chrome-magnesite brick 
and give good results.—D. L. c. P. 

Veitscher Magnesitwerke A. G., Vienna. (Refract. J., 
1954, 30, Feb., 70-72). The production of magnesite bricks 
at Veitsch and Trieben is described, and recent developments 
explained. A new rotary kiln of the ‘ Lepol’ type is being 
installed at Breitenan for producing dead-burned magnesite. 

A Visit to Didier-Werke A. G. D. Dixon. (Refract. J., 
1954, 30, Feb., 66-69). The author describes some impres- 
sions from a visit to a refractories works in Germany, which 
may be of interest to manufacturers in Great Britain. Silica 
bricks and shapes, fireclay bricks, ramming material, and 
refractory cements are produced.—D. L. C. P. 

Influence of Particle Size Distribution of Fireclay on the 
Physical and Mechanical Properties of a Silica~Alumina Re- 
fractory. H. Detaille. (Silicates Indust., 1954, 19, Jan., 
19-24). A study has been made of porosity, density, water 
permeability, spalling, permeability to air, and strength in 
torsion and compression in relation to the grain size distribu- 
tion in the fireclay of which silica-alumina refractories are 
made. Apparent density, porosity, and thermal expansion 
are not appreciably influenced by changes in grain size distri- 
bution ; spalling, air-permeability and mechanical properties 
depend greatly upon this.—P. F. 

The Relation between the Concentration of Vitreous Phase 
and the High-Temperature Strength of Silica-Alumina Refrac- 
tories. K. Konopicky. (Silicates Indust., 1954, 19, Jan., 
9-11). Rising-temperature softening tests and X-ray studies 
of silica-alumina refractories subject to loads are interpreted 
with reference diagrams of the Si0,-K,O—AI,O, system. 
A fairly abrupt loss of strength is generally associated with 
the presence of a molten vitreous phase in amounts of 50-70% 
of the total sample weight.—. F. 

Use of the Solar Furnace for Studying the System Alumina- 
Silica. W. M. Conn. (Amer. Ceram. Soc. Bull., 1954, 88, 
Mar., 69-72). The operating characteristics of modern solar 
furnaces (which focus the sun’s rays into a small area) are 
briefly discussed ; the application to the study of liquidus 
temperatures in the alumina-silica system is demonstrated. 

Thermal Analysis of Magnesite at CO, Pressures up to Six 
Atmospheres. R.L. Stone. (J. Amer. Ceram. Soc., 1954, 37, 
Feb. Part 1, 46-47). A controlled pressure, flowing-gas 
thermal analysis apparatus was used to study the decom- 
position of magnesite. Contrary to some reports, this was 
found to be straightforward, the temperature of decomposition 
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being affected in a normal manner by the pressure of carbon 
dioxide. Results are given.—D. L. C. P. 

Some Effects of Titania on Refractory Clays. D. R. Wilder 
and C. M. Dodd. (J. Amer Ceram. Soc., 1953, 36, Dec., 
400-403). The amount of titania a clay can contain without 
appreciably lowering its refractoriness was determined. 
Three different clays gave similar results at 2840° F. The 
most rapid increase in the development of glassy material 
occurred when from 3 to 4-5% titania was added to the clay. 

D. L. C. P. 

Metal-Ceramic Interactions: I[—WMetal-Oxide Interfacial 
Reactions at Elevated Temperatures. G. Economos and 
W. D. Kingery. (J. Amer. Ceram. Soc., 1953, 86, Dec., 403- 
409). Interfacial reactions of various metals (Be, Mo, Nb, 
Ni, Si, Ti, Zr) with dense oxide specimens (Al,0;, BeO, MgO, 
ThO,, TiO,) at temperatures up to 1800° C. are reported. 
A table details the results. There was little or no reaction 
at 1400° C. but considerable reaction took place in many 
systems at 1800° C.—D. L. Cc. P. 

Metal-Ceramic Interactions: III, Surface Tension and 
Wettability of Metal-Ceramic Systems. M. Humenik, jun., 
and W. D. Kingery. (J. Amer. Ceram. Soc., 1954, 37, Jan., 
18-23). Theory, method, and results of an investigation into 
the wettability and adherence of high-temperature metal- 
ceramic systems are given. The method involves photograph- 
ing a sessile drop heated in a controlled atmosphere. The 
surface tension, contact angle, and work of adhesion of 
silicon, iron, and nickel, in contact with various refractory 
materials are given.—D. L. C. P. 

Metal—Ceramic Interactions. IV—Absolute Measurement of 
Metal-Ceramic Interfacial Energy and Interfacial Adsorption 
of Silicon from Iron-Silicon Alloys. W. D. Kingery. (J. 
Amer. Ceram. Soc., 1954, 37, Feb. Part 1, 42-45). 

On the Nozzle and Stopper for Steel. (I) S. Nishigori and 
S. Niwa. (Tetsu to Hagane, 1950, 36, Oct., 472-478). [In 
Japanese]. Three types of nozzle and stopper were compared 
for porosity, refractoriness, and softening point under load. 


BLAST-FURNACE PRACTICE 
AND PRODUCTION OF PIG IRON 


More Iron for the Ohio Valley. (Steel, 1953, 188, Nov. 9, 
118-120). Salient features of the new ‘ Louise ’ blast-furnace 
and related plant, of the Detroit Steel Co. are presented. The 
furnace, which has a hearth 284 ft. in dia., incorporates the 
latest design and operational features, including an electronic 
stock charging control system.—D. L. C. P. 

Can the Incorporation of a Chemical with the Coke Modify 
Blast-Furnace Production and Reduce the Coke Rate? Legendre. 
(Centre Doc. Sid. Circ. Inform. Tech., 1953, (4), 639-642). 
Two short trials have been made, with the addition of 2 kg./ 
ton of coke of a mixture of alkali carbonates and oxides. This 
appeared to aid the elimination of scaffolds and to lead to 
faster working. It is considered worth while adding sodium 
carbonate to increase slag basicity and fluidity, and to protect 
the coke from solution by carbon dioxide.—a. a. 

Value of Blast Heat in Blast-Furnace Operation. C. E. 
Agnew. (Blast Furn. Steel Plant, 1954, 42, Jan., 90). Avery 
short examination of the heat requirements in blast-furnace 
operation with particular reference to the blast temperature, 
is made.—B. G. B. : 

Ferrous Metallurgical Review. G. Grenier. (Hcho Mines, 
1953, Dec., 793-795). A short review of recent work on 
sintering, blast-furnace burdens, blooming-mill operation and 
continuous casting, is presented.—B. G. B. 

Advanced Practices in Italy. A. Oreffice. (Metal Progress, 
1954, 65, Jan., 84-88, 136). The metallurgical activities of 
the FIAT organization in Italy are described. These include 
electric smelting of iron ore, the production of electric steel 
and continuous foundry operation (using a triplex method). 

The Disintegration of Iron Ores. J. Debatty. (Centre 
Doc. Sid. Cire. Inform. Tech., 1953, (2), 291-302). The 
results of several workers on the disintegration of ores are 
collected and discussed. Factors studied include lump size, 
heating rate, oxidizing or reducing atmosphere, chemical 
composition of the ore, and composition of dust produced. 
All studies report breaking up between 250 and 400° C. (for 
French ores), generally attributed to temperature differences 
but sometimes to the pressure of evaporating moisture. There 
is divergence of opinion on disintegration at higher tempera- 
tures, some attributing this to carbonate decomposition. A 
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considerable part of the flue dust arises through ore break- 
down. It is necessary to distinguish between breakdown 
proper below 400°C. and friability which increases non- 
uniformly with temperature.—a. G. 

Combustion Zones in Front of the Tuyeres of a Blast- 
Furnace. W. Kuczewski and K. Moszoro. (Hutnik, 1953, 
20, (12), 361-367). [In Polish]. Czyzewski’s formula for 
determining the height (H) of the combustion zone in a 
cupola is discussed. This formula 


> 
u=$ Ja i. 
2 N [30p(1-Q)ypV Ja 

(where d = diameter of coke lumps, P = blast velocity, p = 
theoretical amount of air necessary for the combustion of | kg. 
of coke, yp = apparent coke density, V = linear velocity of 
combustion, and Q = free space between coke lumps and 
tuyere nozzles), although not directly applicable, is still useful 
since it is based on the technical parameters which determine 
the shape of the combustion zone in blast-furnaces. The 
authors calculated the linear velocity of coke combustion, 
blast intensity (blast volume per square meter of combustion 
zone at tuyere level per minute) and the amount of coke 
burned in front of tuyeres for furnaces with hearth diameters 
of 3, 4, 5, 6, 7 and 8 m. and compared the effect of increasing 
hearth area on the degree of its utilization for combustion. 
On the basis the above formula and that of Syskov, the 
authors discuss the effect of blast volume, blast intensity, 
blast temperature and pressure, oxygen enrichment of the 
blast, and blast with increased moisture content, on the 
size and shape of the combustion zone, the velocity of coke 
consumption at the tuyeres and the general working of the 
blast-furnace.—vV. G. 

Manufacture of the Low-phosphor Pig from the Ordinary Pig 
Iron (III). H.Sawamura, T. Mori, and N. Sakurada. (Tetsu 
to Hagane, 1950, 86, Apr., 137-142). [In Japanese]. Molten 
iron from the open-type electric furnace was used in a Heroult 
furnace, and studies of decarburization and dephosphorization 
were made. Refining and slag conditions for making special 
low-phosphorous iron were thus determined.—k. E. J. 

Optimum Composition of Blast-Furnace Slag As Deduced 
from Liquidus Data for the Quaternary System CaO-Mg0O- 
Al,0,-Si0,. E. F. Osborn, R. C. DeVries, K. H. Gee, and 
H. M. Kraner. (rans. Amer. Inst. Min. Met. Eng., 1954, 
200; J. Met., 1954, 6, Jan., 33-45). From laboratory measure- 
ments and published data, diagrams have been constructed 
for the CaO—MgO-AlI1,0,-SiO, system, from 5% to 35° Al,O3 
at 5% levels, showing liquidus temperatures and primary 
phase fields. The optimum composition of a blast-furnace 
slag of given Al,O, content is indicated. Details of composi- 
tion, temperature, phase data, and refractive index of glasses 
in 446 mixtures are tabulated, and the application of the data 
to actual slag compositions is discussed.—e. F. 

Reducing Power of Hydrogen and Carbon Monoxide with 
Respect to Iron Oxides at Low Temperature. A. M. Kuznet- 
sov. (Zhurnal Fizicheskoi Khimii, 1953, 27, (12), 1807-1815). 
[In Russian]. Rates of reduction by hydrogen and by CO at 
various stages of reduction of iron oxides and temperatures 
up to 300° C. were compared. At 298° C. the initial rate of 
reduction of ferric oxide by CO is 15-20 times greater than by 
hydrogen. This latter is 15-20 times greater than the 
hydrogen reduction of magnetite in the post-autocatalytic 
stage; the same relationship holds for the corresponding reac- 
tions with CO. The reduction of magnetite by CO is faster 
than by hydrogen only in the initial stages, and then becomes 
somewhat slower. The sharp fall in the rate of magnetite 
reduction by CO is attributed to the breaking of reaction chains 
through the combination of the active iron atoms with carbon. 


Iron Ores: An Investigation of Reducibility. ©. Rekar. 
(Iron Steel, 1954, 27, Jan., 31-32). A brief description is given 
of Yugoslav research into the reducibility of iron ores, deter- 
mined by the reduction of ore by pure CO, by ore-charcoal 
mixtures, and by the use of a small experimental blast-furnace 
of almost 1 ft. hearth dia. Results are given illustrating the 
ability of the model furnace to give accurate information on 
the reducibility and smelting properties of ores.—G. F. 

On the Reaction Between Iron Sulphide and Sulphur 
Dioxide. T. Rosenkvist and P.H.Hynne. (Tidsskr. Kjemi, 
Bergvesen Met., 1953, 18, Nov., 196-200). [In English]. The 
SO,-FeS reaction was studied to obtain information regarding 
the possible conversion of iron sulphide ores into elementary 
sulphur and an iron oxide suitable for pig-iron production. 
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Reaction equilibrium was studied by comparing the composi- 
tion of a synthetic mixture of SO,-S vapour of controlled gas 
ratio before and after it had passed through a mixture of FeS 
and magnetite, any gas passing through unchanged indicating 
maintenance of equilibrium. Test procedure and results are 
described and a brief account is given of melting relationships 
in the FeS—Fe,0O, system. Curves show gas compositions 
before and after passage, and calculated and measured equili- 
brium constants and sulphur percentages. The latter were : 
1-47% sulphur at 700°C., 2-2% at 800°C. and 3-4% at 
900° C.—a. G. K. 

Radioactive Determination of Gas Flow in Large Ducts. 
E. W. Voice, E. B. Bell, and P. K. Gledhill. (J. Iron Steel 
Inst., 1954, 177, Aug., 423-427). [This issue]. 

Blast-Furnace Flue Dust Thickeners. J. D. Walker and 
E. N. Hower. (Blast Furn. Steel Plant, 1954, 42, Jan., 57- 
61). The design of the ‘ Clariflow ’ thickener is described with 
particular reference to its use for treating blast-furnace flue 
dust.—n. G. B. 

Measuring the Dust Content of Blast-Furnace Gas—Continu- 
ously Recording Photo-Electric Meter. (Engineering, 1954, 
177, Jan. 29, 146). A short description is given of a photo- 
electric continuously recording dust meter developed by 
B.I.S.R.A. (manufactured by Radiovisor Parent Ltd., London), 
The dust meter monitors the gases at a chosen point in thé 
main; it can be calibrated in conjunction with standard 
gravimetric measurements, and to suit site conditions. The 
equipment enables an alarm to be sounded immediately a 
predetermined dust level is exceeded.—xm. D. J. B. , 


PRODUCTION OF STEEL 


Report on West Coast Steel Plants—1958. T. A. Dickinson. 
(Blast Furn. Steel Plant, 1954, 42, Jan., 62-66, 69). The 
activities of the steel plants on the west coast of America are 
discussed. The Bethlehem plant at Los Angeles has started 
producing standard size wire coils for automatic hay balers 
and high-strength bolts for constructional uses. The United 
States Steel Corp. Columbia-Geneva Division have completed 
the expansion of their sheet rolling plant and this has enabled 
them to supply about 40°, of the tinplate being used in the 
western United States. The Kaiser Steel Corp. at Fontana 
has continued to expand and to increase production. Details 
of a number of projects which have been completed are 
given.—B. G. B. 

Lone Siar Steel Company Gives the South Another Source of 
Steel. C. Longenecker. (Blast Furn. Steel Plant, 1954, 42, 
Feb., 198-226). A comprehensive description of the plant 
and activities of the Lone Star Steel Company in Texas, is 
given. The principal output of the plant is steel tubing, 
although ingots, slabs, plates, and skelp are also produced. 
The iron required is produced in one blast-furnace with a 
27-ft. hearth rated at 1200 tons/day. Four open-hearth 
furnaces fired with fuel oil and natural gas and with a normal 
charge of 205 tons are used for refining the pig iron ; both 
rimmed and semi-skilled grades of steel are produced. Ingots 
are reduced in a single stand to slabs or plates. Two pipe 
mills using the electric resistance welding process are in opera- 
tion ; the monthly output of both mills is approximately 
32,500 tons.—B. G. B. ‘i 

Bigger Slabs Answer Strip Demands. (Stee/, 1953, 183, 
Nov. 23, 92-94). The plant installed by the Great Lakes 
Steel Corp. to enable them to supply longer continuous steel 
strip lengths to the automobile industry is described. Moulds, 
soaking pits, universal slabbing mill, scarting machine and 
shear can take 20-ton ingots and turn out 8-ton slabs, enabling 
cold rolled 8-ton coils of strip to be produced up to 73 in. 
wide.—D. L. C. P. 

The Christiania Spigerverk Centenary. (Jernindustri, 1953, 
84, (7-8), 145-147). [In Norwegian]. A _ brief historical 
review is given of this Norwegian company which originally 
supplied nails for ship-building and now, having 1800 workers, 
is an important steelworks. Post-war developments include 
a new wire-drawing mill, installation of a 40-ton electric steel 
furnace, and conversion of an old 5U-ton unit.—c. a. K. 

S. A. d’Ougrée-Marihaye. (Metal Bulletin, 1954, Jan. 12, 
10). A brief description is given of the plant at the 
Société Anonyme d’Ougrée-Marihaye integrated iron and steel 
works in Belgium.—t. E. w. 

Development of the Basic Bessemer Process at the Domnar- 
fvets Steelworks. B.Kalling. (Jernkontorets Ann., 1953, 187, 
(10), 703-724). [In Swedish]. This review of research aimed 
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at improving basic steel production deals with : Blowing with 
oxygen-enriched air (with up to 32% oxygen, 11% more scrap 
could be added) ; desulphurizing with pulverized burnt lime 
in rotary furnaces ; use of CO, and oxygen instead of air in 
the final stages of the blow, giving a nitrogen content of 
0-006% in a much shorter time; and refining with pure 
oxygen (75-85 cu. m./ton) in rotary furnaces. Factors 
affecting steel quality, such as ageing and brittle fracture, 
are briefly discussed.—e. G. K. 

Oxygen-Blown Thomas Steel. (Metal Bulletin, 1954, Feb. 
23, 11-13). Two important developments which improve the 
quality of steel produced in basic-Bessemer converters are dis- 
cussed. In the first—the oxygen-steam process—the con- 
ventional bottom-blown converter is employed using a mix- 
ture of oxygen and super-heated steam in place of air, the 
main object being to reduce the nitrogen content of the steel. 
The second—the Austrian ‘ L-D’ process—relies entirely on 
high-pressure oxygen blown on the surface of the metal and a 
simple converter without the complicated bottom-blast 
arrangement is used. The general economic and technical 
factors of the latter process are summarized.—t. E. w. 

The Development of Oxygen Steelmaking. ©. Cuscoleca. 
(Amer. Inst. Min. Met. Eng., Advance Copy, Feb. 15-18, 1954). 
The author discusses the development of metallurgical uses 
for oxygen, particularly in Europe, and considers the factors 
which led to the erection at Linz and Donawitz in Austria of 
plants for the production of steel in surface-blown converters 
using pure oxygen. The layout and operation of the plants 
are described, and the results obtained to date are reviewed. 
The quality of the steel produced is discussed in detail and 
examples of its application are quoted.—e. F. 

Recent Research Projects in the Iron and Steel Industry: 
Post-War Expansion in Research and Development at the 
United Steel Companies, Limited. F. H. Saniter. (Sheffield 
Metallurgical Assoc.: Iron Coal Trades Rev., 1954, 168, Feb. 5, 
319-323). Research Work of the United Steel Companies. 
F. H. Saniter. (Engineering, 1954, 177, Feb. 12, 212-213). 
A brief review is given of current research projects under 
investigation in the Research and Development Department 
of the United Steel Companies Ltd. These include work on the 
promotion of faster melting times in open-hearth furnaces, an 
experimental pre-melting unit for an electric arc furnace, con- 
tinuous casting experiments, and aerodynamic studies.—c. F. 

Developments in the Application of Magnesite Products in 
Open-Hearth Furnaces. L. Hiitter. (Radex Rundschau, 
1953, (9-10), Nov., 503-539). Developments in the use of 
magnesite in open-hearth furnaces during the last 20 years 
are surveyed. Burner wear has been reduced obviating re- 
placement during a campaign. The importance of gas port 
maintenance is emphasized. Port cooling is regarded as 
economical. The Carman design of water-cooled door is 
described. Roof designs are discussed and operating experi- 
ence with the Radenthein suspended roof and _ various 
sprung arch roofs are quoted. Basic refractories are shown 
to offer considerable advantages when used for the lower 
furnace structure and the checker chambers.—kr. c. 

Desulphurization of Basic Open-Hearth Steel. Y. Shimo- 
kawa. (T'etsuto Hagane, 1950, 36, Feb., 46-51). [In Japanese]. 
The variation of sulphur content in the bath is a function of its 
actual concentration, suggesting that desulphurization de- 
pends on the slag/bath surface reaction. Lime addition is 
very important, and slagging off is effective in reducing slag 
volume without affecting the ability to desulphurize.—kx. E. J. 

Scrap Preparation—Key to Quality and Economic Control. 
E. W. Hunziker. (Steel, 1953, 188, Dec. 7, 145-153 ; Iron 
Age, 1953, 172, Dec. 17, 132-136). Details of a programme 
designed to secure advantages from improved scrap supplies 
to open-hearth furnaces are given. U.S. Steels Columbia- 
Geneva Steel Division is a cold metal shop using a high scrap, 
low pig-iron charge ; control of residual elements in the charge 
has proved valuable in producing high carbon steels for wire 
manufacture. Improvements were also effected in the condi- 
tion of the scrap which led to considerable operating advan- 
tages.—D. L. C. P. 

The Use of Oxygen in Plain Carbon Steel Melts. Z. Eminger. 
(Hutnické Listy, 1954, 9, (1), 18-24). [In Czech]. Details of 
experiments on the oxidation of carbon in high-frequency 
and electric are steel furnaces by means of oxygen lancing are 
given. Principles and method are described and results 
obtained by blowing oxygen below and above the slag are 
compared, the carbon, manganese, silicon, and sulphur deter- 
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minations being given. It is concluded that oxygen lancing 
can be used with advantage.—P. F. 

The Economics of Alloy Steel Production. V. Keclik. 
(Hutnické Listy, 1954, 9, (1), 24-31). [In Czech]. A com- 
parison is made of methods of producing alloy steels, and the 
costing system is explained. It is shown that duplexing with 
the electric and open-hearth furnaces is best under conditions 
prevailing in Czechoslovakia.—p. F. 

The Firing of Open-Hearth Furnaces. G. R. Bashforth. 
(Brit. Steelmaker, 1954, 20, Jan., 18-21). The author discusses 
the need for economical and efficient use of fuel in the open- 
hearth furnace, considering the three main fuels used, namely 
producer gas, mixed gas, and oil. The more important con- 
siderations determining the choice of fuel are outlined, and 
practical information is given on operational problems 
peculiar to each fuel. Data on American and German fuel 
policies are included.—c. F. 

A New Aspect of the Italian Steel Industry: Heating Open- 
Hearth Furnaces with Methane plus Fuel Oil. G. Danielou. 
(Mét. Constr. Mécan., 1954, 86, Jan., 41-45). Methane and 
fuel oil have been used in Italian open-hearth practice. The 
furnaces were originally heated with producer gas and the 
changes made so as to use methane and fuel oil are described. 
In a 35-ton furnace production was 5.97 tons/hr. and 88 Ib./ton 
of fuel oil and 2940 cu. ft. of methane per ton of steel were 
used. An increase of 25% in the rate of production of steel 
and a remarkable regularity of working have been obtained. 

My Job in Relation to Productivity. E.McVicar. (Swan- 
sea Met. Soc., 1953, Apr. 11, 20-31). The author, an assistant 
in a cold charging melting shop, enumerates his various 
duties and discusses them in relation to productivity. A 
description is given of the shop layout and charging machinery. 
The part played by efficient scrap processing is indicated and 
the administration of the shop and its mechanical and elec- 
trical maintenance, fuel efficiency, and traffic are briefly 
considered.—t, E. W. 

Training Personnel in the Control of Sulphur in the Open 
Hearth. W. H. Mayo. (Regional Tech. Meetings Amer. Iron 
Steel Inst., 1952, 457-516). The author briefly discusses the 
need for training open-hearth personnel in methods of con- 
trolling sulphur (as an introduction to a booklet produced for 
this purpose by the United States Steel Co.). The booklet 
is confined to sulphur control in high hot-metal practice, and 
has a minimum of text with illustrations as nearly self- 
explanatory as possible.—c. F. 

17 Years of Stirring History Shows International Exchange 
of Ideas. E.G. Malmlow. (Amer. Inst. Min. Met. Eng. Elec. 
Furnace Steel Conf.: J. Met., 1954, 6, Jan., 24). <A brief 
review is given of the development of induction stirring over 
the past 17 years and an indication is given of its present and 
possible future applications.—e. Fr. 

Induction Stirring Provides Better Control of Operating 
Techniques. H. F. Walther. (Amer. Inst. Min. Met. Eng. 
Elec. Furnace Steel Conf.: J. Met., 1954, 6, Jan., 21-23). 
Operating experience at the Timken Roller Bearing Co. on a 
new 20-ton are furnace fitted with the Swedish General Elec- 
tric Co. induction stirring device is described and brief details 
of the device are given. Several outstanding factors concern- 
ing the working of the furnace are listed, and it is noted that 
the stirring produced no appreciable increase in hearth erosion. 
The device appears to provide a better control of the furnace 
operating techniques.—c. F. 

Removal of Hydrogen from Liquid Steel by Flushing with 
Gas. R. Hamrin and F. de Kazinezy. (Jernkontorets Ann., 
1953, 187, (7), 224-237). [In Swedish]. Although when 
flushing steel with neutral gas some hydrogen is given off to 
the bubbles, equilibrium between the hydrogen in the steel 
and the partial pressure of the hydrogen in the bubbles is 
usually lacking. This deviation from equilibrium is treated 
theoretically and compared with experimental values, the cal- 
culation being valid only for gases which dissolve in an atomic 
state, such as hydrogen or nitrogen. The deviation—and 
thus gas consumption—were observed to increase as a result 
of small bath depth, large bubbles, and high hydrogen content. 
Gas consumption can be decreased by flushing with halogens 
and similar gases. A similar treatment for gases at the boil 
shows that the deviation will increase in direct proportion to 
the metal’s hydrogen content and the intensity of the boil. 
Even though a surface slag film will prevent the passage of 
hydrogen, its absorption by the film will give some reduction 
in the steel’s hydrogen content. The diffusion constant of 
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hydrogen in solid slag was estimated as 2 x 10~-® sq. cm./sec. 

Possibility of Removing Copper from Steel and Pig Iron. 
L. Améen and C. Pfeiffer. (Jernkontorets Ann., 1953, 187, 
(7), 238-251). [In Swedish]. Results are given of 18 com- 
parative tests made in a 50-kg. H.F. furnace to determine the 
the efficiencies and economic feasibility of using lead, silver, 
or bismuth for removing copper from steel. Equations show 
the theoretical washing capacity of lead and silver at 1600° C. 
Differences between calculated and actual results were con- 
siderable, being 0-29°% Cu as against 0-38°% Cu in one case. 
In order of efficiency the metals were silver, bismuth, and lead, 
but lead was the cheapest method.—c. a. k. 

Elliptical Electric Furnace Outperforms Conventional Cir- 
cular Type. J. K. Preston. (Amer. Inst. Min. Met. Eng. 
Elec. Furnace Steel Conf.: J. Met., 1954, 6, Jan., 18-20). 
Conditions Favour Six-Electrode Furnace. J. K. Preston. 
(Steel, 1954, 184, Jan. 11, 77-78). A 100-ton six-electrode 
elliptical electric-are furnace has been in operation at Timken 
Roller Bearing Co. for about 25 years. A comparison with a 
modern three-electrode circular furnace of similar capacity 
with similar charges shows that the elliptical furnace has a 
higher melting rate for a given power input. It is emphasized 
that such furnaces deserve considerable study as the need for 
larger, faster-melting furnaces increases.—G. F. 

New Manufacturing Processes for High-Grade Steel in 
Sweden. B. Kalling. (Metal Progress, 1954, 65, Jan., 108-111, 
200-202). Methods used in Sweden for the production of 
high-grade steel are described. Iron is produced by the coke 
blast-furnace, electric smelting, and the sponge iron process. 
Steelmaking is carried out in a number of ways. The greater 
part of Swedish high-quality steel is produced by the electric 
furnace and basic open-hearth processes. The acid open- 
hearth and acid bessemer processes are, however, used to 
produce some high grade steels. The basic-Bessemer process 
is used only to manufacture commercial steels.—B. G. B. 

Norwegian Production of Stainless Steels. J. Sissener. 
(Metal Progress, 1954, 65, Jan., 81-83, 164-166). The pro- 
duction of stainless steels, in Norway, in electric furnaces 
from steel scrap and ferrochromium, is discussed. The 
activities of three firms, Stavanger Electro-Staalverk, 
Strommens Vaerksted, and Myrens Verksted are described. 

Status and Development of Electrode Regulation for Electric 
Are Furnace. A. Driller. (Stahl u. Eisen, 1954, '74, Jan. 14, 
82-95). The functions of automatic regulation of furnace 
electrodes and the principles of continuous adjustment are 
reviewed. Criteria for efficient operation are given and 
modern control systems are described and illustrated.—J. P. 

The Dalmine Electric Steelworks. Riday. (Centre Doc. 
Sid. Cire. Inform. Tech., 1953, (1), 119-124). Details of 
two 30-ton electric are furnaces installed in 1949 are given. 
The processes of charging, melting, and refining are outlined, 
the total time involved being 4 hr. or less. Some operational 
results are given and a material balance is shown together 
with one for an open-hearth furnace. Each furnace can make 
over 1000 tons of steel per week.—a. G. 

Use of Oxygen to Speed up Melting. Delbey. (Centre Doc. 
Sid. Circ. Inform. Tech., 1953, (1), 125-128). Trials were 
carried out on the making of manganese steels in a 10-ton are 
furnace. Results of 154 casts with oxygen injection are com- 
pared with those of 70 normal casts. Oxygen was injected at 
about 600 cu. m./hr. for between 5 and 15 min. There was a 
gain in refining time of 2 min. 13 sec. and a consequent increase 
in production of 12%. Costs also fell by 2-3%.—A. G. 

Electric Arc Furnace Practice in the U.S.A.: Production of 
Lower-Grade Steels. J.C. Howard. (/ron Coal Trades Rev., 
1954, 168, Feb. 5, 341-344). Recent developments in electric 
are furnace design and practice in America are reviewed, and 
the production of lower-grade steels in competition with the 
basic open-hearth furnace is discussed. The proposed design 
of a six-electrode furnace for economic melting and refining is 
outlined.—a. F. 

Production of Carbon Steel in Large Basic Electric Furnaces. 
R. J. Tremblay. (Amer. Iron Steel Inst.: Indust. Heating, 
1953, 20, Dec., 2425-2432). The development of the process 
is reviewed. Since 1946 the output of carbon steel in electric 
furnaces has exceeded that of alloy steel. Whilst the largest 
unit operating at present is of 120 tons capacity, a 200-ton 
33,000-kVA. unit is under construction. Low capital cost, 
increased voltages and transformer capacity, and top charging 
have brought the process into prominence in recent years for 
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carbon steel production. A typical method of working a 
charge is given together with suggestions for shop layout. 

Compressed Air—An Answer to Heavy-Duty Arc Furnace 
Switching. J.E.Schrameck and J. K. Walker. (Blast Furn. 
Steel Plant, 1954, 42, Jan., 67-69). A short review of the use 
of circuit breakers in are furnace practice is given and the 
advantages of the compressed-air breaker are explained. 

The Synthetic Studies on Molten Slags (II). Y. Matsushita, 
K. Mori, R. Sakagami, and 8. Shiomi. (Tetsu to Hagane, 1950, 
36, Mar., 81-86). [In Japanese]. 
improved polarograph showed that, in the system CaO-SiO,- 
Al,03, molten slags were ionic, and that Al+ ++ and AlO, — 
ions were more sensitive to electrolysis than Cat ions, and 
played a greater part in the conductivity. Oxygen ions could 
move from positive to negative complex ions by a Grotthuss 
mechanism, determining acidity or basicity. K.E. J. 

Continous Casting of Steel in Canada: New Plant Installed at 
Atlas Steels, Limited. (Jron Coal Trades Rev., 1954, 168, Feb. 
12, 397-398). <A brief description is given of the continuous 
casting plant erected at Atlas Steels Ltd., Welland, Ontario. 
It is of the Junghans-Rossi type, with oscillating mould, and 
is expected to produce 134-150 tons of alloy steel billets per 
day. Mould sizes are 4} in sq., 5$ in. x 73 in., and 534 in. 
214 in.—e. F. : 

Solidification of Steel: I—Rate of Freezing; II—Structure, 
Segregation, and Non-Metallic Inclusions; III—Casting De- 
fects; IV—Casting Methods. T. B. King. (Jron Steel, 1953, 
26, Oct., 479-486 ; Nov., 513-520 ; Dec., 562-568 ; 1954, 27, 
Jan., 15-22). Im this critical review of literature on the 
solidification of steel, the author deals first with the rate of 
soldification of ingots and castings. Mathematical and experi- 
mental work are discussed and the application of the results 
is considered. The various structures produced in steel by 
different practices and the accompanying segregation are then 
discussed with attention given to theories of segregation 
mechanism. ‘The size, distribution, and effects of inclusions, 
particularly oxides and sulphides, are considered. Rimming 
steels are dealt with separately. Casting defects are then 
considered, and the mechanism of formation of ingot cracks, 
hot tears, shrinkage and porosity, metal penetration, and 
sand adherence are studied. Finally, four major technological 
advances, either new or considerably modified in their applica- 
tion to steel, are described ; these are centrifugal casting, in- 
vestment casting, shell moulding, and continuous casting. 
(308 references).—G. F. 

Practical Aspects of Structure and Segregation in Killed Steel 
Ingot Solidification. E. A. Loria and R. L. Keller. (Blast 
Furn. Steel Plant, 1954, 42, Jan., 45-51). The internal sound- 
ness and segregation of electric furnace killed steel ingots are 
examined in terms of grade, ingot size, and cooling rate. <A 
Ni-Cr—Mo steel and a chromium steel were used. Vand A 
zones of segregation were usually absent. The principal 
problem was porosity in the centre. Methods of reducing 
segregation and porosity are discussed. (19 references). se 

A Study of the Premature Cracking of Iron Ingot Molds. 
R. E. Kerr. (Reg. Tech. Meet. Amer. Iron Steel Inst., 1952, 
215-240). An investigation into the causes of premature 
major cracking in 30 x 48 in. bottle-top moulds made of blast- 
furnace iron is described. Results obtained on test pieces 
cast integrally with 22 moulds are analysed statistically, and 
the trends observed are listed. Brief details of the product ion 
of the moulds, their preparation, and the teeming practice are 
included.—«. F. 

Design and Manufacture of Ingot Moulds. J. H. Shank. 
(Amer. Iron Steel Inst.: Blast Furn. Steel Plant, 1954, 42, Jan., 
70-72). Changes in the design of ingot moulds used at the 
Pueblo plant of the Colorado Fuel and Iron Corp. from 1926 
to the present day are described and the reasons for the 
changes are discussed. One size of ingot is made and they 
are used for a variety of purposes. Moulds are made in the 
works and the method used is explained.—n. a. B. 

Oxy-Acetylene Surface Treatment of Steel. G. Kihlgren. 
(Jernkontorets Ann., 1953, 187, (9), 617-701). [In Swedish]. 
A detailed account is given of research into Swedish methods 
of hand flame-searfing billets and powder scarfing of high-alloy 
steels. Hand scarfing cold billets can be employed for plain 
carbon steels up to 0-85-0:90°, C without complications. 
Gas costs are only 5-10°, of total costs and the number of 
workers required is less than with other methods. By scarfing 
billets at 570—-930° C. a wider range of steels can be treated. 
An investigation of mechanical hot scarfing showed that total 
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were established to give the data required for statistical 


costs would be higher than for hand scarfing, although some 
reductions could be made. Detailed cost analyses are pre- 
sented.—c. G. K. 


PRODUCTION OF FERRO-ALLOYS 

The Metallurgical Behaviour of Chrome Ores. D. Hoenes 
and G. Volkert. (Arch. Hisenhiittenwesen, 1954, 25, Jan.- 
Feb., 1-10). The production of ferrochromium by reduction 
with carbon involves a pre-smelting in which most of the ore 
is reduced to a melt high in carbon. After slagging off, the 
temperature in the electric furnace is raised and the residual 
ore reacts with the carbon in the metal to produce carbon 
monoxide. Examination of various materials has shown that 
this happens when the ore contains dense chromite, free 
from silicate inclusions, in sufficient quantity. This is 
usually the case when the ore contains less than 5% SiOx. 
Olivine and pyroxene present as primary silicate constituents 
are not detrimental. Ores containing serpentine or other 
hydroxyl or water-bearing silicates or carbonates and not 
enough dense chromite leave no residue after the pre-smelting 
and are very difficult to decarburize. They must be well 
diluted with dense, low-silica chromite before smelting.—,. P. 

Formation of Magnetic Ferro-Zinc Ferrite in Aqueous Sus- 
pension. B. Zega. (Elektrotechniski Vestnik, 1953, 1, (3), 
329-332). [In Serbo-Croat]. The formation of magnetic 
ferro-zine ferrite was studied by co-precipitation from 
a solution of ferrous, ferric, and zinc sulphates. The for- 
mation of the magnetic spinel phase was investigated by 
measuring the Curie point and the permeability as a function 
of the molar fraction of zine in the complex, which is highly 
ferromagnetic with 40-45 molar-% of zinc. On heating a 
low-zine complex above the Curie point, a new phase with a 
higher Curie point is obtained. Regrouping of ions due to 
dehydration is thought to account for the effect ; oxidation 
was experimentally shown not to be responsible.—P. F. 

Closed Electric Reduction Furnaces Permit Utilization of 
Furnace Gas. M. O. Sem. (J. Met., 1954, 6, Jan., 30-32). 
The author outlines the work of Electrokemisk (Norway) in 
developing and applying closed electric smelting furnaces 
which permit collection and utilization of the furnace gas. 
These furnaces are now used for the production of calcium 
carbide and ferro-alloys in addition to pig iron. Particular 
attention its given to the covered rotating-hearth furnace 
developed by the company.—«. F. 

What Are the Essential Requirements for Raw Materials in 
Ferro-Alloy Furnaces. A. Frisak. (YZidsskr. Kjemi, Berg- 
vesen Met., 1953, 18, Oct., 189-190). [In Norwegian]. To 
ensure efficient ore reduction in electrode furnaces, attention 
should be directed to ensuring optimum material characteris- 
tics. The major part of the charge should be of suitable 
grading (coke 5 mm., ore 25 mm.) to permit adequate gas 
flow ; grading should not be too coarse or gases will follow the 
easiest path alongside the electrodes ; large lumps of ore should 
be crushed and any fines briquetted. Uniform grading is 
essential, uneven material being riddled if necessary. One 
advantage of fine grading is that, since the chemical reaction 
between materials is proportional to their contact area, a coke 
of 2-mm. grading will have a reactivity ten times that of 20- 
mm. coke.—G. G. K. 

Production of a New Ferrochromium Alloy. (Jernindustri, 
1953, 34, (9), 176, 181). [In Norwegian]. Simplex Ferro- 
chrome, developed by the Union Carbide Group, can be sup- 
plied with a carbon content as low as 0-01%; it can be used 
without niobium which is now in short supply. A completely 
new baking process has been evolved for manufacturing 
walnut-sized balls of the alloy, these costing 343 cents/Ib. 
The new plant will cost $125 million and will be in operation 
in Spring 1954. It will process 1500 tons of ore daily and 
have an output of 5 G. G. K. 


FOUNDRY PRACTICE 

Experiments in the Use of Statistical Methods of Analysis arid 
Control in Foundry Production. A. I. Antonov, P. I. Kantor, 
and M. 8. Mirkin. (Liteinoe Proizvodstvo, 1953, (8), 20-24). 
{In Russian]. After an outline of statistical controls as 
applied to foundry work, an account is given of the application 
of these methods to the casting of cast-iron caps requiring 
close control of the phosphorus, microstructure, hardness, 
and surface quality. The process was analysed by construct- 
ing distribution curves for the various parameters and compar- 
ing the scatter with the corresponding permitted range of 
variation. By this analysis additional control procedures 
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treatment. The control of the process was carried out with 
the aid of six charts, and it halved the number of rejects. 

Melting Metals under Vacuum. (Canad. Metals, 1953, 16, 
Dec., 16-20: Metallurgia, 1953, 48, Nov., 259-260). See J 
Iron Steel Inst., 1954, 176, Apr., 456. 

The Belgian Problem of Foundry Productivity. A. Dawans, 
(Rev. Univ. Min., 1954, 9th series, 10, Jan., 3-7). The pro- 
ductivity of Belgian foundries is inferior to that of those in 
America and the author reviews the reasons for this. They 
are considered under the headings : Mechanization, relation- 
ship between management and worker, working conditions, 
utilization of available manpower, cost price, quality, and 
type of work carried out.—n. G. B. 

Foundry Products—Choice of Materials for Mechanical 
Construction. A. Dawans. (Rev. Univ. Min. 1954, 9th 
series, 10, Jan., 7,17). The advantages of the casting process 
for the manufacture of ferrous parts are considered and com- 
pared with those of welding and stamping. A wide range of 
articles produced by casting are examined to show the advan- 
tages of this form of construction. The wide range of steels 
which are suitable for casting is one of the great assets of the 
process.—B. G. B. 

Losses of CO and Flue Gas Heat in Coke-Fired Shaft Furnaces. 
H. Eigen. (Radex Rundschau, 1953, (9-10), Nov., 480-488). 
Combustion of coke is claimed to take place with insufficient 
air supply in lime, dolomite, and cement kilns, also in foundry 
cupola furnaces. Similar conditions are suspected in sinter 
beds. Methods of determining CO losses are described and 
loss of weight of coke through reduction is discussed. Flue 
gas heat losses are defined and methods of determination of 
heat loss are given. Measures for reducing losses are discussed. 
A fixed air supply per unit cross-sectional shaft area is 
advocated.—kr. c. 

Oxidized Iron. W. J. Williams. (Brit. C. I. Res. Assoc., 
J. Res. Dev., 1953, 5, Oct., 41-44). An investigation of the 
effect of ‘ oxidized iron’ on chilling properties is reported. 
The oxygen content of a number of taps from each of two 
melts was deliberately increased and chill test pieces were 
cast from each tap. No appreciable influence on chilling 
characteristics that could be attributed to the treatment of 
the metal and the subsequent changes in oxygen content was 
detected.—2s. G. B. 

Carbon Equivalent and Fluidity. E.R. Evans. (Brit. C.J. 
Res. Assoc., J. Res. Dev., 1953, 5, Dec., 118-123). The fluidity 
of hypoeutectic cast irons at any temperature increases with 
carbon equivalent. When the normally accepted value for 
the eutectic composition is exceeded, fluidity continues to 
increase until at some critical carbon equivalent it is rapidly 
reduced.—B. G. B. 

Automatic Regulation of Moisture in Cupola Blast. N. T. 
Zharov. (Litetnoe Proizvodstvo, 19538, (9), 14-17). [In 
Russian]. Equipment designed for the automatic regulation 
of moisture in dried and in humidified blast supplied to a 
cupola is described. Drying down to 6-3 g./cu. m. is carried 
out with the aid of continuously regenerated solutions of 
calcium or lithium chlorides, solid agents such as silicagel 
being used if more thorough drying is required. An electric- 
ally heated steam generator is used for humidification. The 
electrical hydrometer is of the resistance thermometer type, 
the unbalance of two of the arms providing the corrective 
stimulus. An accuracy of 2% is claimed for moisture 
regulation.—s. kK. 


Basic Lining of the Melting Zone and Hearth of a Cupola. 


A. D. Popov. (Liteinoe Proizvodstvo, 1953, (2), 31). [In 
Russian]. The use of magnesite and chrome-magnesite 


linings in the melting zone and hearth of a cupola is described 
and the dephosphorizing action of basic linings is confirmed. 


Graphite Spherulite Formation and Growth. A. De Sy. 
(Foundry, 1953, 81, Nov., 100-103, 210-220). A detailed 
mechanism is put forward to explain the formation and 
growth of nodular graphite. The author considers that the 
graphite does not precipitate in the liquid but in supersaturated 
austenite and the growth of nodules is followed by a peritectic 
transformation; at no stage does the eutectic ledeburite form. 
Addition of magnesium gives nodular graphite by removing 
silica inclusions ; other elements which promote nodule for- 
mation are considered to form gas bubbles which isolate the 
inclusions from the melt. Both these processes, by reducing 
the numbers of nuclei available for precipitation, lead to 
supersaturation of the austenite.—B. c. w. 
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Electric Annealing of White Iron. R.W. Parsons. (Foun- 
dry, 1953, 81, Nov., 112-115). Details are given of a 48-hr. 
malleabilizing cycle for white iron using two elevator-type 
electric ovens. The castings are held for 10 hr. at 1700° F. 
(925° C.) and then transferred to the second furnace to be 
cooled through the range 1400° —-1300°F. (760°-705° C.), at 
rates as low as ?° F. per hour. The castings are air-cooled 
from 1300° F. (705° C.).—B. c. w. 

Liquid Inoculation. N. Golomazov and V. Mishchenko. 
(Liteinoe Proizvodstvo, 1953, (8), 28). [In Russian]. The 
successful use of an oxygen-blown converter in the course of 
the liquid inoculation of cast iron is described, and some data 
on the mechanical properties of the product are given.—s. kK. 


Theoretical Basis for Rapid Methods of Annealing in the 
Production of Malleable Cast Iron. V. I. Zubarev. (Liteinoe 
Proizvodstvo, 1953, (2), 14-17). [In Russian]. This is a 
critical examination of information on annealing in nineteen 
references. The graphitization mechanism is treated as two 
consecutive processes: the formation of centres and their 
growth by diffusion. Metallographic, chemical, and thermo- 
dynamic evidence for the meta-stability of cementite is 
presented, and cementite decomposition is considered in 
detail.—s. kK. 

Mass Production of Anti-Friction Malleable Cast Iron at the 
Rostel’mash Works. Ya. T. Lifshits and 8. F. Frolov. 
(Litetnoe Proizvodstvo, 1953, (9), 31-32). [In Russian]. A 
brief account is given of the structural requirements of anti- 
friction malleable cast iron and of the casting and heat- 
treating practice at a works mass-producing castings of this 
material.—s. K. 

Factors Influencing the Speed with which Annealing Pot 
Castings Can Be Cleaned. F. Gottardo and A. Palazzi. 
(Fonderia Ital., 1953, 2, Dec., 695-696). The authors examine 
the influence which different casting techniques has on the 
surface finish of cast steel annealing pots and on the facility 
with which the moulding sand can be removed. It is shown 
that low temperatures and slow pouring speeds give good 
surfaces.—M. D. J. B. 

Influence of Steel Casting Design on ~y WT Stresses. G. 
Kniaginin. (Przeglad Odlewnictwa, 1953, 8, (12), 341-346). 
{In Polishj. Some examples of various » bs of steel cast- 
ings and the method of calculating thermal stresses are given. 

Mechanical Properties of Basic Open-Hearth Carbon Steel. 
8. L. Levin, 8. N. Mylko and I. P. Kazachkov. (Liteinoe 
Proizvodstvo, 1953, (8), 1-4). [In Russian]. An account is 
given of an experimental investigation on the effects of casting 
conditions on the properties, especially the red-shortness of 
carbon steel. The steel was deoxidized with ferromanganese 
in the furnace, and with 45% ferro silicon and aluminium in 
the ladle. Frequency curves for groups of castings free from, 
and developing, hot cracks are compared for the following 
factors : Ferrous oxide content of final slag ; manganese/sul- 
phur in the finished steel; slag basicity; rate of burning-out 
of carbon during the boil ; carbon content of steel ; quantity 
of iron ore added during melting ; sulphur in the steel ; ; slag 
fluidity ; duration of charging ; and duration of melting. 
Correlation coefficients for the apparent effects of these and 
other factors on the mechanical properties of castings are 
given.—s. K. 

Automatic Control of Sand Moisture. E.F. Ross. (Foundry, 
1953, 81, Nov., 120-123, 184). The fully automatic sand 
moisture control system used at the Neenah Foundry Co. 
Neenah, Wisconsin, is described. The temperature and 
moisture of the return sand are measured and water is auto- 
matically added to the mixer to give the desired moisture 
content. The sand mixing operation, cycling time, addition 
of bonding ingredients, and distribution of the sand are also 
controlled by instruments. Experience shows that automatic 
moisture control improves the quality and finish of the castings 
and gives lower cleaning costs and fewer rejects.—B. Cc. W. 

Zirconia as - Moulding Materialfor Foundries. L. Passerini. 
(Fond. Ital., 1953, 2, Dec., 707-709). The merits of zirconia 
as a casting ana are briefly reviewed. It is highly refractory 
and may be used up to temperatures of 1700° C. Its erystal 
structure is stable and therefore it expands uniformly at all 
temperatures, it has a low coefficient of expansion, high 
thermal conductivity, and high density. It is not wetted by 
molten metal nor does it enter into chemical action with 
metal. The possibilities of combining zirconia with sands 
and bentonite are discussed.—m. D. J. B. 
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Zircon Sand. M. R. Hinchcliffe. (Metal Ind., 1953, 88, 
Nov. 27, 437-440). Zircon Sand is a naturally occurring form 
of zirconium silicate containing 66:9°% zirconium oxide and 
32-6% silica. It is considerably ‘finer’ than Southport 
sand, and is more refractory than quartz. Its cost is 1-20 
times that of common silica sands, but in spite of this the 
material has merits which make its use worthwhile for severe 
casting operations. Very clean and accurate castings can be 
produced, and a further advantage is that veining is entirely 
eliminated because zircon does not exhibit volume inversions 
during heating. The preparation of zircon core sand mixtures 
is described and some notes on shell moulding, recovery of the 
sand, and cost considerations are given.—P. M. C. 

Applications of Plastic Materials in the Foundry Industry. 
G. Genin. (Rév. Gen. Méc., 1953, Sept., 311-319 ; Oct., 375- 
380). The use of additions of synthetic resins to moulding 
sands is reviewed. Examples of these additions for shell 
moulding are given and discussed, and the Croning process is 
considered in detail. The present situation in regard to 
patents is explained. The preparations and properties of 
synthetic moulding sand containing urea-formaldehyde and 
phenolic resins for the preparation of cores are described. 

Some Thoughts on the Use of Bentonite. M. Guédras. 
(Mét. Constr. Mécan., 1954, 86, Jan., 21-23). A short account 
of the properties of bentonite which explains its usefulness in 
the foundry is given. Among the properties discussed are 
the absorption of water and the formation of gels.—s. G. B. 

Life of Bentonite-Bonded Moulding Sands. O. Carlsson. 
(Gjuteriet, 1953, 43, Nov., 193-196). [In Swedish]. Casting 
experiments were made with steel, grey iron, and gunmetal, 
at 1575, 1350, and 1130° C. respectively, using moulding sands 
containing 5° bentonite and 2-7°, moisture. Natural 
sodium bentonite proved better than German synthetic ben- 
tonite, and soda-treated calcium bentonite was superior to un- 
treated material. Best casting surfaces were obtained when 
the sand had been used several times.—c. G. K. 

Contribution to the Theory of Foundry Sand Binders. L. 
Jeniéek. (Slévdrenstvi, 1953, 1, 210-214 ; (9), 231-237). 
[In Czech]. A survey is made of se i in the last 20 years 
in the understanding of the properties and action of foundry 
sand binders. The most important properties of foundry 
sands, the origin and strength of binders, their mode of action 
in the presence and absence of water respectively, thixotropy 
of bentonite suspensions, water-binder ratio, and the simul- 
taneous use of several binders are discussed.—pP. F. 

Large Wood Patternmaking. M. J. Kellner and G. H. 
Gorsuch. (Foundry, 1953, 81, Nov., 104-105, 282-285). The 
various classes into which patterns are divided are outlined, 
and the problems involved in making very large wooden pat- 
terns are discussed in detail.—n. c. w. 

Production of Castings without Risers. N. N. Smelyakoy. 
(Liteinoe Proizvodstvo, 1953, (2), 26-28). [In Russian]. The 
waste of metal in risers is exemplified and ways of producing 
castings without risers are considered.—s. k. 

New Ideas in the Design of Gating Systems for Casting under 
Pressure. V. M. Plyataskii. (Litetnoe Proizvodstvo, 1953, 
(8), 5-8). [In Russian]. Gating systems are classified and 
recommended designs for various types of casting under pres- 
sure are outlined. Examples of typical results are given. 

Experiments on the Use of Water-Glass in Making Foundry 
Moulds. P.1I.Shportenko. (Liteinoe Proizvodstvo, 1953, (8), 
17-18). [In Russian]. Conditions under which water-glass 
can be successfully used in mould preparation are described. 
With water-glass the“time required for mould making is 
halved and surface quality of castings improved.—s. kK. 

A Mechanized Unit for the Production of Medium Size 
Moulds. M. Bednéiik. (Slévdrenstvi, 1953, 1, (9), 237-241). 
[In Czech]. Details of a unit for the mechanized production 
of moulds, utilizing a sand gun, are given. A saving of 59°% 
in labour time has been achieved.—?. F. 

Mould Blower Provides High Production Rate. R. H. 
Herrmann. (Foundry, 1953, 81, Nov., 190, 192). A descrip- 
tion is given of a new type of blow-squeeze moulding machine 
which can — 750 mould sections every Shr. The flasks 
measure 3 X 12 x 20 in. and contain 30 Ib. of sand.—s. c. w. 

New Technique for Making Mould Boxes. V. P. Antonov. 
(Liteinoe Proizvodstvo, 1953, (9), 26-28). [In Russian]. The 
production of welded mould boxes from a 0-5° carbon steel 
and some of their characteristics are described.—-s. k. 

Training Film for Machine Moulders. P. Fagerstrém. 
(Gjuteriet, 1953, 48, Nov., 197-198). [In Swedish]. To make 
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workers transferred to a new plant conversant with operating 
conditions there the Swedish company A.B. Separators drew 
up five-day training courses, each attended by six men, in 
which the main instruction was by means of a film showing 
all sequences in machine moulding at instructional speed. 

Modern Methods of Producing Castings with a Hard Surface 
and Soft Core. A. Ya. Rozenberg. (Liteinoe Proizvodstvo, 
1953, (2), 4-7). [In Russian]. After a brief consideration of 
the application of iron castings with hard surfaces, three 
methods for securing a core of satisfactory mechanical pro- 
perties in conjunction with hard and wear-resisting surfaces, 
exemplified by rolls, are described. In the first, the same 
iron is used for surface and core, chills being used to secure 
hardness of surface. In the second and third methods the 
iron for the surface is left in the mould only long enough to 
solidify to the required depth. The liquid core iron is then 
replaced either by a separately-melted iron of the grade 
required for the core or by iron of the same melt to which 
powdered ferrosilicon is added as it flows into the mould. 

Back-Up Material for Shell Molds. W.0O. Faxon. (Foundry, 
1953, 81, Nov., 178, 184). The problem of back-up material 
for shell moulds is discussed and results are presented to show 
that metal shot of mixed diameters packs better and exerts a 
higher pressure on the moulds than either uniformly sized 
shot or sand. The handling and reclamation of shot are 
briefly considered.—Bs. c. w. 

Investment Precision Casting. A. Dunlop. (Metal Ind., 
1953, 88, Oct. 30, 355-357 ; Nov. 6, 381, 382). The Shaw 
Process for precision casting of intricate parts is described and 
illustrated. Tolerances of 0-003 in. on sizes below 3 in., to 
+0-015 in. on castings up to 2 ewt. are attainable. Unlike 
the lost wax process, no expendable patterns are employed, 
accurate moulds being produced from suitable master patterns 
made in almost any material. An unusual refractory mould 
material is used, which contains a reagent to produce a care- 
fully controlled gelling reaction. After gelling, the mould 
sections are fired, cemented together, and are then ready for 
the casting operation. The process requires no intricate 
machinery, and is more economical than the lost wax process 
for limited numbers of large components.—P. M. c. 

Precision Casting in Shell Moulds. B.A. Alekseev and P. 8. 
Pershin. (Liteinoe Proizvodstvo, 1953, (2), 2-3). [In Rus- 
sian]. In the method described the pattern with its refractory 
covering is immersed in a bath containing a 20% aqueous 
solution of ammonium chloride. Here the water-glass of the 
refractory reacts to produce cclloidal silica which binds the 
refractory material into a monolithic surface. The advantages 
of the method over that using ethy] silicate are outlined.—s. kK. 


Casting Automobile and Tractor Sleeves in Thin-Walled 
Moulds. P. N. Aksenov, G. D. Vasil’ev, A. S. Evseev, and 
B. V. Rabinovich. (Litetnoe Proizvodstvo, 1953, (9), 1-6). 
[In Russian]. Details are given of the production of sleeves 
for internal combustion engines by B. V. Rabinovich’s method 
of casting in metal moulds faced with a thin layer of refractory 
material. For this, a sand-clay-coal mixture is applied by 
means of a blast at 6 atm. pressure. Temperature distribution 
in the casting, refractory layer and mould is considered, and 
curves are given for various thicknesses of these. The micro- 
structure of castings obtained is compared with those pro- 
produced centrifugally and a wide range of possible applica- 
tions for steel and cast iron is claimed for the new method. 
Improvements in the process at present being investigated are 
outlined.—s. kK. 

New Material for Piston Rings. ©. A. Sukhodol’skaya. 
(Liteinoe Proizvodstvo, 1953, (2), 21-23). [In Russian]. The 
materials at present used for piston rings are critically con- 
sidered and a nodular cast iron (3-18% C, 2-86% Si, 1- iv, 
Mn, 0-30% P, 0-016% 8S, 0-10% Cr, 0-19% Ni) for this 
purpose is described. The inoculation is carried out with a 
50/50 Mg—Cu alloy followed by 75% ferrosilicon. |The micro- 
structure, mechanical properties, wear resistance and loss of. 
elasticity at 410° C. of this iron are compared with those of 
grey and alloy irons. Alloying nodular cast iron with 
chromium and nickel secures adequate resistance to heat 
without molybdenum and tungsten. Mould design for nodu- 
lar cast-iron piston ring blanks is illustrated.—s. x. 

Casting of Armour Plate. E.M.Blank. (Liteinoe Proizvod- 
stvo, 1953, (2), 30-31). [In Russian]. In the procedure 
described, plates of a graphitized steel (1-0-1-2% C, 1-2-1-5% 
Si, 0-4-0-5% Mn ; 0-02-0-03% P, 0-02-0-03% 8S) are cast 
in direct contact with a cast-iron plate covering the mould. 
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Multi-Unit Equipment for the Centrifugal Casting of Stee 
Tube Blanks. F.1. Burak. (Liteinoe Proizvodstvo, 1953, (2), 
9-12). [In Russian]. The design, layout, and operation of a 
machine in which several processes are combined for the rapid 
execution of all stages in the production of steel tubular blank 
centrifugal castings are described.—s. kK. 

Centrifugal Casting of Tubes in Small Foundries. I. F. 
Dunaev. (Liteinoe Proizvodstvo, 1953, (9), 18-20). [In 
Russian]. Compact and easily constructed machinery suit- 
able for centrifugal casting of pipes 100-150 mm. in dia. in 
small works is described, together with special measures for 
securing satisfactory operation under these conditions.—s. kK, 

Increasing Production in a Small Foundry. E. Sabel. 
(Gjuteriet, 1953, 48, Nov., 200-201). [In Swedish]. An in- 
crease in output of 60°, was obtained at a cost of about £2100 
in a small Swedish foundry. Steps taken included : Casting 
carried out after normal working hours, cement sand used for 
certain jobs ; some moulding performed out-of-doors ; main- 
tenance of a first-class laboratory.—«. Ga. K. 

European Foundries and Productivity —Some Recent Experi- 
ments and Achievements. (Technical Assistance Mission No. 
122, Organisation for European Economic Co-operation, Sept., 
1953). The First European Seminar on Foundry Productivity 
was held in Paris on November 5-8, 1952, and was attended by 
81 foundry experts from 12 countries. Discussions were held 
on methods adopted, difficulties encountered, trends, and im- 
provements introduced as a result of Technical Assistance 
Missions sent to study American foundries, and visits made 
by American experts to Europe. The papers presented 
included : 

The Steel, Grey Iron, and Brass Foundry Industries and 
Productivity in the United Kingdom. N. P. Newman. 
(21-30). 

The Belgium Foundry Industry and Productivity. G 
Halbart and J. Lefevre. (31-35). 

Iron Foundries and Productivity in the Netherlands. A. 
Krayenhoff. (37-40). 

The Italian Iron and Steel Foundry Industry and Productiv- 
ity. C. Longaretti. (41-44). 

French Foundry Productivity Experiment. R. Christa, 
Deschamps, and Soulary. (47-53). 

Three Years of Effort in a Small Firm. R. Erbland. 
(59-64). 

Importance of Psychological Factors in Problems of Pro- 
ductivity. L. Poupet. (65-73). 

Human Relations in Industry. M. Dudouet. (75-78). 

Improving Human Relations. F. A. Martin. (79-80). 

Efficient Labour Organisation. H.L.Groutaers. (83-91). 

An Inexpensive Mechanised Layout for the Small Jobbing 
Foundry. F. Hudson. (93-99). 

Rational Organisation of a Horizontal Casting Shop. J. 
Leroy. (101-112). 

Mechanical Handling of Foundry Materials and Moulding 
Equipment. G. W. Nicholls. (113-132). 

Three Years of Improved Handling in a Jobbing Foundry. 
A. Servonnat. (133-141). 

Lasso Cables. J. Berlancourt. (143-146). The ‘“‘ Lasso 
Cable ” is an overhead travelling cable from which hooks 
are suspended. It is easy to install, being made up of 
standard components. Example of its advantages in small 
foundries are given. 

Synthetic Sand and Productivity. F. Boussard and M. 
Verstraeten. (165-172). 

Sand Control. A. Gayraud. (173-179). 

Practical Application of Boxless Moulding in a Medium- 
Sized Firm. G. Garnier. (181-182). 

Desanding, Trimming, Finishing, and Inspection of Iron 
and Steel Castings. M.Jaumain. (183-196). 

The Use of Flexible Cutting Off Wheels. C. A. J. Timms. 
(197-200). 

Experience of the German Foundry Industry. E. Piwo- 
warsky. (203-206). The way in which the German Foun- 
dry Trade Association is organized is explained. 

Technical Advistory Services in the Netherlands. R. 
Reitsema and K. R. van Dijk. (211-213). 

The Operation of a Free Technical Service in the United 
Kingdom. H.T. Angus. (215-219). 

Results Achieved in Italy. E. Mortara. (221-224). The 
work done by Associazione Italiana di Metallurgia and 
Istituto Sperimentale dei Metalli Leggeri in Italy is briefly 
described. 
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French Foundry Technical Centre. 
228). 

Sanitation in American Foundries, with Particular Refer- 
ence to Ventilation and Dust Extraction. Gdoéhring. (233- 
246). 

Description of Visits to American Roll and Ingot Mould 
Foundries. KR. Weinberger. (247-250). 

Technical and Economic Advantages Resulting from the 
Adoption of Hydro-Blast for Cleaning Steel Castings. I’. Forti. 
(Fond. Ital., 1954, 3, Jan., 7-12). The author gives the 
reasons which led a foundry to adopt hydro-blast for cleaning 
castings. Details are given of the plant layout, its capacity, 
and operating features. In addition to improved working 
conditions, greater production and the recovery of substantial 
quantities of sand hydro-blast has considerably reduced pro- 
duction costs.—™M. D. J. B. 

Thermal Conditions of Castings, the Structure and the 
Mechanical Properties of Malleable Cast Iron. I. M. Chaika. 
(Liteinoe Proizvodstvo, 1953, (9), 21-23). [In Russian]. An 
account is given of an experimental investigation of the effects 
of superheating aud rate of cooling of the liquid metal in the 
mould on the primary and secondary structures and mechan- 
ical properties of malleable cast iron. Superheating and cast- 
ing temperatures varied within the ranges 1400-1600° and 
1350-1550°C., respectively, castings 10, 20 and 40 mm. thick 
being obtained. Thermal conditions during casting affected 
the mechanical properties mainly through the size of the 
primary grains and the shape of dendrites. These conditions 
affected the values of the limit of proportionality and the 
yield point to a lesser extent than those of tensile strength and 
elongation. Careful selection of test pieces for malleable cast 
iron is shown to be necessary.—s. K. 

Reduction of the Retention Time of Castings in Moulds as a 
Means of Mobilizing Foundry Reserves. P. G. Novikov and 
V. G. Gruzin. (Liteinoe Proizvodstvo, 1953, (9), 6-12). [In 
Russian]. The authors examine possibilities of reducing the 
time that castings remain in the moulds. After a critical 
examination of present practice, the temperature zones in 
castings during cooling are considered in relation to struc- 
tural changes. Experiments on the cooling of steel castings 
are described and a classification by types, shapes, and sizes 
is proposed. Graphs are presented which, together with the 
classification, enable minimum retention times to be deter- 
mined. Production per unit of foundry area has been in- 
creased by adopting the principles described.—s. kK. 

Effect of Impurities on the Shrinkage of Cast Iron. N. K. 
Ipatov. (Liteinoe Proizvodstvo, 1953, (9), 28-29). [In 
Russian]. The effects on the shrinkage of a high quality 
pearlitic cast iron of each of the following elements when 
present together is described : C 2-4-3-5% Mn 0-6-1-7%, 
Si 1-5-2-7%, P0:3-0°5%, 8S 0:05-0-15%, and Cr 0:08- 
0-32%. Statistical treatment of the experimental data shows 
that only carbon and phosphorus have an appreciable effect 
on shrinkage.—s. kK. 

Blowholes in Castings. J. Piibyl. (Slévdrenstvi, 1953, 1, 
(10), 260-264). [In Czech]. The nature and origin of blow- 
holes in castings are considered. Their generation by dis- 
solved gases, chemical reactions, mechanically trapped air or 
gas, as well as their prevention and removal, are discussed. 

Study on Surface of Casting (I). K. Katori, T. Okakura and 
K. Yamamoto. (Tetsu to Hagane, 1950, 36, Apr., 142-147). 
{In Japanese]. A new roughness tester is described. Rough- 
nesses were measured by a tracer test in the laboratory and a 
light cross-section method in the workshop. Surface roughness 
is greatly affected by the grain distribution and size of the 


L. Chatelin. (225- 


foundry sand, and by the Ce aiped and surface roughness of 


the green sand mould.—x. E. J. 

A Study of Permeability with Reference to Casting Operation. 
H. Nishihara. (Tetsu to Hagane, 1950, 36, Mar., 87-90). 
[In Japanese]. Measurements disclosed a relationship be- 
tween the internal pressure in the moulding sand and its 
permeability, and indicated reasons for scabs and blowholes. 

How to Promote Safety in the Foundry. (Canad. Metals, 
1953, 16, Dec., 26-27, 30). The steps taken to reduce acci- 
dents in the foundry division of the Eaton Manufacturing Co. 
are described. A substantial reduction in the number of acci- 
dents has been achieved.—B. G. B 


HEATING FURNACES AND SOAKING PITS 


Soaking-Pit Hearths. Paschal. (Centre Doc. Sider., Cire. 
Inform. Tech., 1953, (4), 647-653). Replies to a questionnaire 
on descaling ‘soaking pits sent to 15 works are discussed. 
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Furnaces may be descaled hot, in which case it is important to 
obtain a slag whose composition and fluidity are related to the 
working temperature. Alternatively cold descaling is em- 
ployed when the length of campaign depends solely on the 
production of scale which must be minimized. With sufficient 
furnace capacity the latter process is less onerous.—aA. G 
Experience in Putting into Service Modern Soaking Pits at 
the Rombas Works of Société Sidelor. Lesage. (Centre Doc. 


Sider. Cire. Inform. Tech., 1953, (4), 654-665). The plant 


consists of three batteries (with a fourth envisaged) each of 
four pits with a unit capacity of 60 tons (10-12 ingots). 
Details of operation and control are given and sources of metal 
loss analysed.—a. G. 

Internal Temperature on in the Cooling and 
Reheating of Steel Ingots. K. J. Sarjant and M. R. Slack. 
(J. Iron Steel Inst., 1954, 177, Aug., 428-444). [This issue]. 


HEAT-TREATMENT 
AND HEAT-TREATMENT FURNACES 


Surface Hardening of Steels and Irons. J. L. Everhart. 
(Mat. Methods, 1953, 38, Oct., 137-152). The author dis- 
cusses at length selection factors, and the characteristics and 
applications of carburizing, nitriding, cyaniding, carbonitrid- 
ing, and flame and induction hardening. Plant and equip- 
ment are illustrated, and several examples of typical applica- 
tions of each method are described and illustrated.—p. m. ce. 

High Alloy Castings in Heat- — Equipment. E. A. 
Schoefer. (Mat. Methods, 1953, 38, Dec., 194 200)" The c hoice 
of the proper alloy to meet particular service requirements in 
heat-treating plant and equipment is discussed. Twelve cast 
alloy compositions have been classified by the American Alloy 
Casting Institute and have been grouped as three distinct 
types, viz., iron-chromium alloys containing up to 30°, Cr 
and under 7° Ni, iron-chromium-nickel alloys containing 
18-32%, Cr and 8-22°, Ni, and iron-nickel-chromium alloys 
containing 30-70%, Ni and 10-20% Cr. Operating tempera- 
tures and conditions for all the types are briefly reviewed and 
typical applications described.—P. mM. « 

Isothermal Heat Treatment with Special Reference to 
American Practice. (Metallurgia, 1954, 49, Jan., 27-33). 
Isothermal annealing, austempering and martempering are 
discussed in detail, reference being made to the S-curves, 
The method used for heat-treating a number of different steels 
is explained and examples of the uses to which the steels 
are put are given.—RB. G. B. 

How to Develop Favourable Stress Patterns. J. E. Camp- 
bell and H. O. MeIntire. (Lron Age, 1953, 172, Nov. 12, 185 


188; Nov. 26, 102-105; Dee. 17, 140-143). The authors 
describe a study conducted at the Battelle Memorial Institute 
on the residual stresses arising from heat-treatment. Steels 


covering a wide range of hardenability and carbon content 
were used. It is shown that water-quenching steels develop 
compressive stresses in the surface whilst oil-quenched steels 
develop surface tensile stresses if through-hardened.  Car- 
burizing the surface of a specimen will induce compressive 
stresses and raise fatigue life. Controlling the carbon concen- 
tration helps to eliminate retained — and aids the 
development of compressive stresses.——A. M. F 

Controlled Atmospheres—Their Generation ‘as Utilization. 
O. E. Cullen. (Metal Progress, 1953, 64, Dec., 101-106). The 
basic principles of the use of gas mixtures for oxidation, 
bright annealing, carburizing, and decarburizing are explained. 
Methods of producing these gas mixtures are described. The 
practical control of the surface carbon content of steel during 
heat-treatment is discussed, and carbonitriding is considered 
briefly.—B. G. B. 

A New Type of Controlled Atmosphere Generator. F. 
Barbas. (Usine Nouvelle, 1953, 9, Nov. 5, 29-32; Dec. 3, 
29-31). Standard methods of generating controlled atmos- 
pheres are described and their disadvantages in small works 
stressed. The new generator is based on the decomposition 
of calcium carbonate the carbon dioxide formed being passed 
over charcoal at a temperature suitable for the CO-CO, mix- 
ture required. Factors governing the action of gas on metal 
surfaces are discussed and the advantages of carbon monoxide 
(non-oxidizing, stability at high temperatures), are outlined. 
Heat-treatment furnace design is considered and electric 
heating resistance alloys are compared.—a. &. 

Strict Gas Control Halts Decarb in Aircraft Tubing. W. D. 
Latiano. (Iron Age, 1953, 172, Nov. 19, 154-157). Seamless 
tubing with practically no surface carbon loss due to annealing 
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or normalizing operations is being made on a production basis 
by the Michigan Seamless Tube Co. Strict atmosphere control 
is exercised. A generated nitrogen gas with about 2-5% Co, 
2-5% Hg, and a little CO, is used, some natural gas is added 
in the furnace depending on the carbon content of the material 
being treated.—a. M. F. 

Easily Prepared Carburizing Atmospheres. J. Zboiil. 
(Strojirenstvi, 1953, 3, (12), 909-913). [In Czech]. A car- 
burizing atmosphere consisting of a mixture of propane, air, 
and ammonia, was tested and found as good as the usual 
conventional, atmospheres, particularly at low concentrations, 
7.e., When used in an open-circuit installation. The efficiency 
of the atmosphere is independent of any catalytic action of 
the alloying elements in the muffle lining.—P. F. 

Gas Carburizing in Muffles. V. Horadk and M. Sloup. 
(Strojirenstvi, 1953, 3, (12), 914-922). [In Czech]. Various 
methods of case-hardening, the disadvantages of liquid and 
powdered media, the principles of gas carburizing, and the 
chemical processes involved are discussed. A new method 
called ‘CEMUP’, using a propane-air-ammonia mixture in 
removable mild steel muffles, is described in detail. Good 
results are obtained with it.—P. F. 

Formation of Free Cementite During Gas Carburizing of Mild 
Steel and Sponge Iron. T. Norén and U. Landergren. (Jern- 
kontorets Ann., 1953, 187, (7) 209-216). [In Swedish]. The 
conversion of iron to cementite was studied during carburizing 
with pure CO at temperatures ranging from 600 to 1100° C., 
variables being carburizing time and gas velocity. Two Sand- 
viken steel strips with 0-10 and 0-021% C, also 0-06%-C, 
0-01%-P sponge iron were used. Results showed that com- 
plete conversion is possible at temperatures below A, if the 
active surface is adequate. Variations observed in gas com- 
position indicated the catalytic réle of cementite in decom- 
posing the CO.—c. G. kK. 

Conditions for Formation of Cementite during Carburization 
of Nickel Steels. A. Hultgren and M. Hillert. (Jernkontorets 
Ann., 1953, 187, (7), 217-223). [In Swedish]. During car- 
burization of fine chips from five steels with nickel ranging 
from | to 5-6%, carried out at 865° C. for 5 hr. in a mixture of 
crushed charcoal (0-6—0-4 mm.) and soda, cementite formed 
in all steels having up to 4-2% Ni, the amount decreasing with 
rising nickel content. The critical level above which. cemen- 
tite cannot form, due to lack of carbon activity, thus exceeds 
4-2%.—G. G. K. 

Continuous Carburizing and Hardening of Pinions and Gears 
at Ford. (Indust. Heating, 1953, 20, Dec., 2370-2378). 
Continuous 4-zone controlled atmosphere furnaces are em- 
ployed with 29 radiant tube burners above and below the 
stock. Pinions weighing 5 lb. are processed at the rate of 
144/hr. The carburized case has a thickness of 0-045-0-055 in. 
and a case carbon content of (-85-0-90%. Pinions are 
rotated between guides during the oil quench to obviate need for 
subsequent straightening. Annealing is by induction heating. 

Measurement of Case Depth. D. J. Wright. (Metal Pro- 
gress, 1953, 64, Dec., 86-88). The method adopted by the 
Caterpillar Tractor Co., to measure case depth is described. 
Test bars are used in all case-hardening operations. After 
treatment, they are heated to 1440° F. for 22 min., quenched 
in water, broken in the centre, and etched in 10% nital. The 
depth of case is measured by moving the specimen under the 
cross wires of a low power microscope and measuring the 
movement across the case-hardened area by a gauge.—B. G. B. 

On the Introduction of Carbon,, into Pure Iron by Gaseous 
Cementation. P. Albert. (Rev. Mét., 1953, 50, Dec., 829- 
832). Carburization is effected by means of acetylene pre- 
pared from barium carbide containing C4. Reasonably good 
results are obtained and removal of successive 10 micron 
layers shows that, apart from the surface adsorption of 
hydrocarbons, carbon distribution is essentially homogeneous. 


Flame Hardening Machines Speed Treatment of Engine 
Components. A. H. Allen. (Metal Progress, 1953, 64, Oct., 
97-102). Equipment developed by the Cincinnati Milling 
Machine Co., for flame-hardening ring gears, camshafts, push- 
rods, rocker arms, and rocker-arm shafts for Buick motor-car 
engines is described. An oxygen—propane mixture is used as 
fuel and the operations are fully mechanized.—-zs. G. B. 

Selective Flame Hardening Improves Camshaft Wear Resis- 
tance. W.G. Patton. (Iron Age, 1953, 172, Nov. 12, 171- 
174). Camshafts for Chrysler engines are selectively flame- 
hardened at the rate of 100/hr. Five Cincinnati Flamatics, 
automatically cycled, maintain close control over the hard- 
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ness pattern. Hardness penetration to 4 in. requires 37 sec. 
for a six cylinder shaft and 48 sec. for an eight cylinder shaft. 
Change in shaft design merely requires a new set of burners. 

Flame Hardening Equipment. (Indust. Finishing, 1953, 
6, Oct., 203-206). Descriptions are given of two Peddinghaus 
machines : One is an entirely automatic high-production unit 
for small cylindrical parts, e.g., pins, up to 2} in. in dia., and 
the other is a spinning hardening machine for small gears up 
to 18 in. india. These machines depend on the Milliscope for 
very rapid temperature control. The system is described. 

Basic Processes Involved in Tempering Plain Carbon and 
Low-Alloy Steels. W. S. Owen. (J. Iron Steel Inst., 1954, 
177, Aug., 445-449). [This issue]. 

Induction Heating in a Motor Cycle Plant. D. Warburton- 
Brown. (Machinist, 1954, 98, Feb. 27, 349-352). The article 
discusses various uses to which induction heating has been 
applied at the Triumph Engineering Co. Ltd. Selective heat- 
ing of certain components for welding, brazing, soldering, 
and heat-treatment has been applied to overcome distortion 
troubles with considerable success.—m. A. K. 

Induction Heating for Steel Processing: Practical and 
Economic Limits of Application, with Special Reference to 
German Equipment. G. W.Seulen. (Iron Coal Trades Rev., 
1954, 168, Feb. 12, 377-387). The author discusses recent 
developments, particularly in Germany, in the application of 
induction heating in steel processing, dealing chiefly with 
induction hardening and more briefly with soldering and 
brazing, welding, annealing, and shrinking operations. The 
practical and economic aspects of induction heating are con- 
sidered and compared with those of other heating methods, 
and details and illustrations of recent induction plant deve- 
loped for steel processing are included.—«. F. 

Induction Heating. D. W. Brown. (Automobile Eng., 
1953, 48, Sept., 379-385). The author gives details, with 
illustrations, of several typical successful applications of induc- 
tion heating in the automobile industry. These include : 
Hardening of push rods, tappet screw, rocker shafts, rocker 
pads, and valve stems ; brazing of pipe unions, sump drain 
plugs, and suspension arms ; and soldering of radiator com- 
ponents and thermostat bodies. Information is given about 
the power and type of plant, time taken, and economic con- 
siderations.—P. M. C. 

Nitriding Critical Steel Parts. R.Spagnola. (Mat. Methods, 
1953, 38, Dec., 96, 97). Details are presented of the nitriding 
and core hardening procedure used by Ford Instrument Co., 
(U.S.A.) in the production of components for helicopter trans- 
mission gear from Nitralloy 135 and Cr—Ni-Mo steels. 

An Annealing Furnace for Steel Castings, Equipped for 
Burning Low Grade Fuels. F. Stejskal. (Slevarenstvi, 1953, 
1, (10), 254-256). [In Czech]. The principal features, 
advantages and disadvantages of annealing furnaces, utilizing 
solid and gaseous fuels respectively, are considered. A new 
furnace, designed for use with low grade solid fuel, incorporat- 
ing an automatic mechanically operated hearth is described 
and details of its performance are given. Useful area is 
1000 sq. ft., capacity 12-17 tons of castings, and the calorific 
value of the fuel 2000 kg. cal./lb.—». F. 

Procedure for Obtaining Intermediate Structure in Cylindrical 
Parts of Medium Diameter from Chromium-—Molybdenum 
Heat-Treatable Steels. W. Eilender and H. Arend. (Arch. 
Eisenhiittenwesen, 1954, 25, Jan.-Feb., 85-87). Tests on 
specimens of an alloy steel (C 0-35%, Cr 1-12, Mo 0-22%) 
up to 80 mm. dia., to produce an intermediate structure, have 
been conducted by quenching from 850° C. in oil, water, and 
10% caustic soda, and then immediately equilibrating in a 
bath at 450°C. These showed the necessity of knowing 
accurately the immersion time required in these media to 
reach the martensite point at the surface. In the core of 
specimens up to 40 mm. in dia., the cooling rate is the same as 
that in conventional hardening. The quenching action on 
specimens 40-80 mm. in dia. is much less drastic but still 
greater than that in warm baths.—4J. Pp. 

Water in Molten Salt Increases Quenching Power Lowers 
Operating Temperature. E.N. Case and A. M. White. (Metal 
Progress, 1953, 64, Oct., 122-124). Molten salt baths, which 
can be operated at temperatures considerably below 300° F., 
can be obtained by adding water to a mixture of potassium 
nitrate, sodium nitrate, and sodium nitrite operating charac- 
teristics of this type of bath are discussed. 

Addition of Water Improves Salt Bath Heat Treat Operations. 
(Iron Age, 1953, 172, Nov. 12, 260-262). Water added to a 





AUGUST, 1954 








bath 
state 
The 
mart 
great 
with 
agita 
A 
Jaffe 
64, ¢ 
mati 
The 
form 
mag! 
coils 
This 
obta 
factc 
Ar 
for § 
F. A 
Nov. 
quen 
with 
The. 
the 1 
surfs 
mair 
and 
tend 
pow 
max 
quer 
strai 
tical 
high 


FOE 


Cr 
388) 
shaf 
Cory 
furn 
spee 
in o 
mad 
tion 

M 
Proc 
Eng 
Mar 
met! 
ada] 
requ 
avoi 

D 
stvi, 
tage 
forg 
is sh 

D 
Fors 
crar 
Swe 
plas 
revi 
Sect 
stea 
pres 
rolli 
tech 
pow 
sho} 

T 
by 1 
1d); 
forn 
cusl 
blac 
Aire 
a pl 


Al 





sec. 
haft. 
1ers. 
953, 
haus 
unit 
and 
$s up 
> for 
y, 
and 
54, 


on- 
icle 
een 
pat- 
ing, 
ion 


. 


~ 


Oe a a a a Sa 





ABSTRACTS 469 


bath of sodium and potassium nitrates while in the molten 
state improves both the quenching and tempering action. 
The bath will operate at temperatures below 275° F., and 
martempering and hot-quenching operations take place at 
greatly accelerated quenching rates. Water can be added 
without violent boiling if the bath is below 350° F. and is 
agitated.—a. M. F. 

A Signaller to Reduce Quench Cracking of Steel. L. D. 
Jaffe, D. C. Buffum, and I. L. Preble. (Metal Progress, 1953, 
64, Oct., 119-121). A method of measuring the rate of for- 
mation of martensite during quenching in water, is described. 
The steel specimen is, in effect, used as the core of a trans- 
former. When martensite forms, the associated increase in 
magnetic permeability increases the flux linkage between the 
coils and so alters the voltage induced in the secondary coil. 
This voltage is amplified and used to ring a bell. Results 
obtained with this equipment are given and are very satis- 
factory.—B. G. B. 

An Evaluation of the Hardening Power of Quenching Media 
for Steel. E. J. Eckel, R. M. Mayfield, G. W. Wensch, and 
F. A. Rough. (Indust. Heating, 1953, 20, Aug., 1482-1488 ; 
Nov., 2192-2206 ; Dec., 2392-2398, 2518). The Jominy end- 
quench test is described, and a modification of it for quenching 
without agitation was used for studies of quenching media. 
The conclusions were: (1) Under certain quenching conditions 
the normal quenching process may produce a region below the 
surface having greater hardness than the surface ; (2) brines 
maintain a high hardening power at higher temperatures 
and less agitation than water ; (3) aqueous media in general 
tend to show an abrupt transition from high to low hardening 
power with a change in conditions ; (4) sprayed brine has a 
maximum hardening power at 25°, NaCl, but with a still 
quench optimum results are obtained with 10° NaCl; (5) 
straight mineral oil and compounded oil behave almost iden- 
tically ; and (6) air has a low hardening power even at very 
high velocities.—R. A. R. 


FORGING, STAMPING, DRAWING, AND PRESSING 


Crankshaft Forging. (Automobile Eng., 1953, 48, Sept., 386- 
388). <A description is given of the highly mechanized crank- 
shaft forge, recently brought into operation by the Chrysler 
Corp., U.S.A. Billets are heated in a rotary hearth oil-fired 
furnace, preformed by forging rolls, forged in a 6000-ton high- 
speed mechanical press, and finally hardened and tempered all 
in one shop and as a continuous process. Very wide use is 
made of trip switches, and photocells to transport and posi- 
tion the material, and to operate furnace doors, and machines. 

Manufacture of Crankshafts by the Continuous Grain Flow 
Process. G. Cleghorn and I. H. Burnell. (Inst. Marine 
Engineers : Engineer, 1954, 197, Jan. 22, 148: Machinery 
Market, 1954, Jan. 22, 23-25). <A description is given of a 
method of manufacturing crankshafts from bars in a machine 
adapted for use under a forging press. It is claimed the process 
requires smaller ingots, reduces ~ amount of machining, and 
avoids axial unsoundness.—-«. D. J. B. 

Die Forging in the Forging Seem, Z. Hellman. (Strojiren- 
stvi, 1953, 8, (11), 822-824). [In Czech]. Principles, advan- 
tages, and recent developments in the use of slow-motion die- 
forging without impact are described. Die forging by pressing 
is shown to be economically superior to drop-forging.—P. F 

Development Trends in Forging Technique. I—Heavy 
Forging. J. M. Schenstrém. II—Drop — B. Lager- 
crantz. (Jernkontorets Ann., 1953, 187, (9), 455-616). [In 
Swedish]. A discussion of theories advanced to explain 
plastic deformation under pressure is followed by an extensive 
review of forging operations, equipment and tools used. 
Sections deal with piercing, heating and forgings, operation of 
steam and pneumatic hammers, economics of hydraulic 
presses, manipulators and comparative costs of forging versus 
rolling. The second paper discusses furnace types, heating 
techniques, H.F. furnaces, material deformation (in detail) 
power consumption, new machines and forging methods and 
shop planning. Some improvements are suggested.—«. G. K 

The Forming of Sheet Metal without a Vertical Pressure by 
by the Wheelon Process. (Usine Nouvelle, 1953, 9, Dec. 17, 
11). In the Wheelon process a sheet metal disc is placed on a 
forming block in the mould. It is shaped by a rubber 
cushion pressed on to it by a hydraulically filled rubber 
bladder. A prototype press is installed at the Douglas 
Aircraft Co. works and produces a total load of 2500 tons on 
a plate 500 x 760 mm.—a. G. 
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Manufacture and Characteristics of High-Temperature Bolts. 
T. W. Harker. (Metal Progress, 1953, 64, Oct., 125-128). 
The difficulties of producing bolts for use at high temperatures 
from special alloy steel, are considered. Machining bolts from 
hexagonal bar is costly and one of three types of upsetting 
process—cold heading, hot-cold working, and hot forging—is 
normally used. Cold heading has proved to be the most 
economical method. Roll threading is found to be more 
satisfactory than cutting.—B. G. B. 

Get the Most Out of Cold Heading. H. C. Weidner, jun. 
(Steel, 1954, 184, Jan. 11, 74-75). The characteristics of cold 
heading operations and the products are set out.—D. L. C. P. 

New Forming Process. T. A. Dickinson. (Sheet Metal 
Ind., 1953, 36, Oct., 899-901, 906). The Formall process 
developed by Engle Aircraft Specialities, California, has the 
advantage of reducing tooling costs and destructive sound 
vibrations in drop-hammer operations. The process, which is 
used for impact forming of sheet-metal articles, employs a 
rubber pressure pad attached to the falling hammer tup, and 
dies of hardwood or plastic, mounted on hydraulic shock 
absorbers. The construction and design of these upper and 
lower forming units, which can be fitted to existing hammers, 
are described and illustrated.—p. m. c. 

Die Materials for Limited Production Runs. J. L. Everhart. 
(Mat. Methods, 1953, 38, Nov. 92-95). The use of materials 
from which forming tools can be made quickly and at low 
overall cost is discussed. These include zinc-base alloys, 
antimonial lead, bismuth-base alloys, Hardwood, densified 
wood, reconstituted wood, cast phenolic plastics, and lamin- 
ated plastics. Typical properties, characteristics, and appli- 
cations are outlined.—?. M. c. 

Fabricating Alloy Steels. (Steel, 1953, 188, Dec. 7, 211-217). 
A brief review of machining, drawing, spinning, stamping, 
bending and welding — applicable to some stainless 
steels is given.—D. L. C. P. 

Spun Metal Shapes Meet Tough Requirements. H. Edlund. 
(Mat. Methods, 1953, 38, Oct., 134-136). Methods and tools 
used in sheet metal spinning are described. The advantages 
of the process, especially where limited numbers of huge parts 
are required, are discussed. Several typical products are 
described, including an aluminium wind tunnel inlet.—p. M. c. 

Effective Scrap Handling System. (Canad. Metals, 1953, 
16, Dec., 42). The method adopted by the Continental Can 
Co., at St. Laurent, Quebec, for the handling of large volumes 
of steel trimmings from press operations is described. Special 
boxes are used and are moved by forked lift trucks fitted with 
forks which can swivel.—n. G. B. 

Conveyor for Handling 250 Tons of Scrap per Day. (Machin- 
ery, 1954, 84, Feb. 12, 329-332). The article describes a 
new automatic scrap conveyor system installed at the Fisher 
Body Division of General Motors (U.S.A.). Scrap from the 
presses is collected by underground conveyors and is com- 
pressed, baled, and stacked into railway trucks automatically. 
The system enables manual handling of scrap bins to be 
dispensed with and production to be speeded up.—«. A. K. 

Welded Frames for the Construction of Presses. Soc. An. 
Spiertz. (Mét. Constr. Mécan., 1954, 86, Jan., 31-34). The 
advantages of welded methods of construction in the manufac- 
ture of large presses are discussed and examples of presses made 
in this way are shown. Details of the welding methods used 
are given.—B. G. B. 

Personnel Protection—Press Guards. (Machine Shop Mag. 
1954, 15, Jan., 3-12). Various types of guards for presses are 
discussed. Particular reference is made to the interlock 
guard which automatically encloses the tool area when danger 
arises, and the photo-electric guard which obviates the use of 
a physical barrier but prevents the press from working if the 
operators hands are within the danger zone.—m. A. K. 

Strippers, Pressure Pads, Knockouts Applied to Compound 
and Draw Dies. P. Balsells. (Machinist, 1954, 98, Feb. 27, 
353-355). Successful operation of compound and drawing 
dies is largely dependent upon the work-holding and ejecting 
devices, and also the balancing of spring pressures. Nine 
sketches of dies that have worked ae are used to 
illustrate the principles involved.— A. Ks 

Wide Flanged Shells Draw Easily if the You Follow the Rules. 
S. R. Cope. (Machinist, 1954, 98, Feb. 20, 328-331). Two 
methods for drawing deep, wide-flanged shells are described in 
detail. The first method is to produce a series of shells pro- 
gressively deeper and narrower while the other starts with full 
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depth and reduces the diameter in steps. The design of the 
dies and the sequence of operations is discussed.—m. A. K. 

Giant Machine Cold Reduces 18-inch Tubing. (Machine 
Design, 1954, 26, Jan., 126-129). The article describes a new 
tube reducer being built by E. W. Bliss, Co. U.S.A. The 
machine is over 100 ft. long with a moving saddle weighing 
150 tons with two hydraulic pumps capable of delivering up to 
4,000 h.p. The machine can cold reduce tubing from 10 to 18 
in. in dia. to produce finished tubing 9 to 16 in. in outside dia. 

Five-Step Cold Extrusion Line Forms 60-mm. Mortar Shells. 
E. Olsen. (Iron Age, 1953, 172, Nov. 19, 147-150). Five 
presses are used in line to form shells without any other pro- 
cessing methods. Bar stock 24 in. in dia. is used and steel 
consumption is reduced from 4-25 Ib. for a forging to 1-58 Ib. 
Two annealing operations and three phosphate and lubrication 
coatings are necessary. Final physical requirements are 
attained after the third operation so that no further annealing 
or coating is required. Die design is of importance.—a. M. F. 

Hold-Down Pressure in Deep Drawing. E. Siebel. (Stahl 
u. Eisen, 1954, 74, Jan. 28, 155-158). The formation of 
wrinkles and the processes of deformation during deep draw- 
ing are examined. The blank-holder pressure has been cal- 
culated approximately and the results are given mathematic- 
ally and graphically.—,. p. 

The Hot Drawing of Steels and High Nickel Alloys. (Génie 
Civil, 1953, 180, Dec. 15, 464). A process is described in 
which a low melting point oxide or fusible salt is interposed 
between metal and die to act as a lubricant. Advantages 
include the control of temperature of extrusion, the fine homo- 
geneous texture of the product, and the low cost of tools. The 
process is applicable to carbon steels, various stainless steels, 
13% -Mn steels and even to pure molybdenum. The salts 
employed consist of mixtures of silica, alumina, lime, and 
sodium oxide with minor additions.—a. G. 

Impact Extrusion Research. (PE RA Bulletin, 1953, 6, Sept., 
507-512). Impact extrusion and its common applications are 
briefly discussed and illustrated. The characteristics of ex- 
truded components are summarized. Reference is made to 
the impact extrusion researches at the Production Engineering 
Research Association. (48 references).—L. E. Ww. 

Use of Mathematical-Statistical Methods in the Wire Indus- 
try. F. Baierl. (Draht, German ed., 1953, 4, Nov., 416-419). 
The scope for quality control in the wire industry is indicated. 

Wire Drawing—Higher Speeds, Greater Problems. J. R. 
Erbe. (Steel, 1953, 188, Nov. 16, 158-165). Problems 
associated with wire drawing at 1500-2000 ft./min. and over 
are considered. Main concern is design of motor and drive, 
and means of getting sufficiently accurate control.—p. L. C. P. 

Coating Paves Way for Drawing Speed-up. (Steel, 1953, 
188, Dec. 21, 82-83). The use of a dry thin-film lubricant in 
place of a conventional lime coating on bars for cold reduction 
is described. The lubricant, ‘ Houghto-Draw 3119’, is a 
granulated powder containing high melting point waxes and 
fats in combination with a colloidal pigment with extreme 
pressure and lubrication additives, held together in a matrix 
of regenerated cellulose that provides adhesive properties. It 
is applied by immersing the bars in a warm solution of the 
powder and allowing them to dry.—p. L. c. Pp. 

Suitability of Phosphate Coatings for Facilitating Cold 
Working. W. Rausch and H. Fleischhauer. (Draht, German 
ed., 1953, 4, Dec., 462-465). Chemical and physical proper- 
ties of phosphate coatings are described and their use in wire 
drawing, cold extrusion, and screw manufacture are illustrated. 
Particulars of the treatment for steel wires, including sub- 
sequent liming, borax coating, and lubrication are also given. 

Graphical Indication of Multi-Hole Wire Drawing with 
Special Reference to Slip, Accumulation, and Die Wear. F. 
Liekmeier. (Draht, German ed., 1953, 4, Aug., 290-293). A 
method of plotting pass reduction against wire speed on a 
double logarithmic scale is described. It is shown how the 
graph can be adapted to drawing on slip and accumulation 
type machines, and how die wear may be shown on the graph. 

The Theory of Spool Winding, Particularly for Fine Wire. 
G. Galle and W. Aumann. (Draht, German ed., 1953, 4, June, 
215-223). Various spooling systems were investigated 
theoretically, and the connection between number of laps, 
maximum rotating speed, and minimum time for spooling, 
is expressed mathematically.—s. G. w. 

Investigations of Spring Wires and of Valve Springs. F. 
Stumpp. (Draht, German ed., 1953, 4, Jan., 27-34). The 
purpose of the investigation was to test hard-drawn and oil- 
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hardened wire for valve springs, and to study dependence of 
final properties on raw material and method of manufacture. 

Wortle Plates. J. Wohak. (Draht, German ed., 1953, 4, 
Nov., 419-424). This is an historieal review of German 
practices in the manufacture and maintenance of wortle 
plates.—sJ. G. w. 

Industrial Diamonds. L. M. Duerr, jun. (Draht, German 
ed., 1953, 4, Aug., 293-295). This is a general description of 
the origin and industrial application of diamonds.—,s. G. w. 


ROLLING-MILL PRACTICE 


Many New Rolling Mill Installations Completed in 1953. 
A. F. Kenyon. (Blast Furn. Steel Plant, 1954, 42, Jan., 83- 
89). A review of new rolling mills which were completed in 
America in 1953, is made. They include reversing, blooming 
and slabbing mills, continuous hot strip mills, reversing hot 
strip mills, tandem cold reduction strip mills, Sendzimir cold 
strip mills and temper pass cold strip mills.—B. G. B. 

Optimum Dimension of Wire Leaving Mechanized Trains. 
Petitfrére. (Centre Doc. Sider., Cire. Inform. Tech., 1953, (4), 
666-667). In asemi-continuous or open train the final passes 
have only a low coefficient of elongation of the order of 1-2. 
By rolling wire 5-5 mm. rather than 4:9 mm. in dia., an 
increase in output of 21°, is achieved.—a. a. 

New Type of Drive Control for a Wire Rod Mill. K. Meister. 
(Stahl u. Eisen, 1954, 75, Jan. 28, 151-154). The output and 
quality of an existing wire rod mill can be increased most 
cheaply by the installation of a stator-fed A.C. shunt com- 
mutator motor for the drive of the finishing stands. The 
excellent results indicate that this type of motor should have 
many applications, particularly in rolling mills.—z. P. 

Bar Mill Built to Serve Market. A. G. Gray. (Steel, 1953, 
188, Dec. 7, 196-199). The establishment and sequence of 
operations of Bliss and Laughlin’s Detroit cold bar mill are 
described. Over 35,000 tons a year of large and small cold 
finished bars are produced from properly prepared hot rolled 
bars or coils.—D. L. Cc. P. 

Modern Methods of Rolling Small Girders. Courtheoux. 
(Centre Doc. Sid., Circ. Inform. Tech., 1953, (1), 139-149). The 
development of the rolling of girders is briefly traced from 
1849 to the present day. Koll pass design and the methods 
employed for fabricating girders with inclined and parallel 
sides are discussed, with illustrations. The conditions for 
optimum operation are outlined.—a. G. 

Steel Strip Rolling Mills. B. Ondrak. (Hutnik (Prague), 
19538, 8, (12), 266-272). [In Czech]. Continuous and semi- 
continuous hot and cold rolling mills of various makes, for 
rolling billets into wide and narrow sheet, and for rolling 
wire, are described.—P. F. 

Activity Report of Finished Steel Division of Research 
Committee of Iron and Steel Institute of Japan. M. Yukawa. 
(Tetsu to Hagane, 1950, 36, Apr., 163-168). [In Japanese]. 
Details are given of work being undertaken on medium and 
small size steel, strip, wire rod, tubes and the theory of rolling. 

Cold Roll Forming. F.Spicer. (Automobile Eng., 1953, 48, 
Sept., 391, 392). Recent American developments in cold roll 
forming machines, the Yoder mill in particular, and techniques 
are briefly described. Carbon steel strip and many non-ferrous 
metals can be continuously formed into intricate cross sections 
at speeds up to 100 ft./min., in machines incorporating up to 
sixteen sets of rolls.—pP. M. Cc. ,, 

The Cold Rolling Mills of VOEST. (Osterr. Masch. Elektro- 
wirtschaft, 1953, 8, Dec., 372-373). The cold rolling strip 
plant of the Vereinigten Osterreichischen Eisen- und Stahl- 
werke is described and illustrated.—t. D. H. 

Cold ‘Rocking’ Answers Design, Production Problems. 
K. W. Donle. (Iron Age, 1953, 172, Nov. 5, 172-175). The 
Rockrite method for the compression forming of tubes and 
shapes is described. In the rocking operation dies with a 
tapered groove roll back and forth on the stationary tube, a 
mandrel being used inside the tube. Single pass reductions 
in excess of 85% can be made on carbon and stainless steels. 
A wide variety of gear and cam shapes, tapers, inside upsets, 
and outside stepdowns can be made by this process.—a. M. F. 

Cold Pilgering of Tubes. F. W. Neumann and E. Siebel. 
(Stahl u. Eisen, 1954, 74, Jan. 28, 133-145). After a descrip- 
tion of the cold pilgering method, the rolling process is des- 
cussed with reference to two series of tests which indicated 
clearly the effects of material rolled, roll-pass design, and rate 
of advance. The deformation occurring during rolling was 
such that the outer layers of the tube move faster than those 
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in contact with the mandrel. It has been shown that dimen- 
sional accuracy is iniproved as the ratio of reduction of dia- 
meter to reduction of wall thickness is increased, as the 
advance is increased, and as the wall thickness itself is reduced. 
An attempt is made to calculate the theoretical roll pass and 
rolling pressure.—J. P. 

Multiple Station Control Schemes. P. H. Howland and 
D. W. Plumer. (Blast Furn. Steel Plant, 1954, 42, Feb., 227- 
230). Methods of controlling rolling-mill equipment from 
two or more stations are discussed.—B. G. B. 

Surface and Internal Lines in Rolled Products. (Centre Doc. 
Sid., Cire. Inform. Tech., 1953, (1), 128-129). These lines, 
revealed in the shear test, may be from a few millimetres to 
several centimetres long. Micrographic examination shows 
that they are formed from silico-alumina inclusions which 
result from the interaction of metal and the ladle refractory. 
The effects of steel composition and temperature, and method 
of deoxidation on these inclusions are briefly dealt with.—a. a. 

Precision Measurement of Uniformity of Materials by 
Gamma-Ray Transmission. A. I. Berman and J. N. Harris. 
(Rev. Sci. Instruments, 1954, 25, Jan., 21-29). Variations in 
thickness of materials are measured by variations in gamma- 
ray transmission, assuming the density to be constant. 
Optimum conditions are obtained when the mean free path 
of the rays is equal to the thickness of the material. This 
condition is fulfilled in the case of a one-curie Cog) source, 
with iron | in. thick, and in these circumstances variation of 
0-01% in thickness were measured. Application of the 
method to the scanning of curved and extended surfaces is 
discussed.—L. D. H. 

Canadian Plan for Birthmarking Steels. (Stee/, 1953, 188, 
Nov. 16, 119-122). The essential points of a plan to identify 
hot rolled and cold finished shapes in stock, are given. The 
Code, published by the Canadian Government Specifications 
Board, requires ink or indentation stamping, which may be 
supplemented by a colour code.—D. L. C. P 


MACHINERY FOR IRON AND STEEL PLANT 


Flexibility Extends Scope of Electric Weighing. R. G. 
Watson. (Iron Age, 1953, 172, Nov. 12, 182-184). Applica- 
tions of the load cell using strain gauges, at Republic Steel 
Corporation’s works include the weighing of coiled strip steel, 
scrap, molten metal, ingots, and bundled products.—a. M. F. 

The Main Travel Drive of an Overhead-Type Open-Hearth 
Charging Machine. S. Zygmuntowicz. (Hutnik, 1954, 21, 
(1), 12-13). [In Polish]. A calculation is made of the load 
on the wheels of the charging machine and the conditions 
under which driving on one pair of wheels is possible are 
discussed.—v. G. 

Electrical Developments in 1958. W. E. Miller. (Blast 
Furn. Steel Plant, 1954, 42, Jan., 73-82). Developments in 
the electrical equipment of the American steel industry in 
1953 are described. These include automatic blast-furnace 
charging, new blooming-mill drives, the replacement of D.C. 
generation by pumpless D.C. rectifiers, and rolling mill drives. 

Power for Fairless Works. R. C. Laney. (Blast Furn. 
Steel Plant, 1954, 42, Jan., 94-95, 98, 100-101). A fairly 
detailed account of the steam and electric power station at 
the Fairless works of the U.S. Steel Corp. is given. It was 
designed to hold three boilers, three turbo-blowers, two 
turbo-generators, and two emergency water service pumps 
together with the auxiliary equipment.—n. G. B. 


LUBRICANTS AND LUBRICATION 


Lubrication of Non-Metallic Bearings and Gears. A. E. 
Williams. (Sci. Lubrication, 1954, 6, Jan., 20-24). The 
materials and methods of construction of non-metallic bearings 
are described. Lubrication and cooling are of great importance 
as a result of poor conductivity. Applications of water, oil 
grease, graphite, or chemical solutions for lubrication are 
specified for asbestos-based, self-lubricating and fabric bear- 
ings. Non-metallic gears may be run dry, or with greases, 
or oils for lubricants.—k. E. J. 

Molybdenum Bisulphide in Lubrication. (Usine Nouvelle, 
1953, 9, Nov. 19, 55). This compound is of use where high 
pressures are encountered and the risk of siezing is present. 
It greatly reduces risks during running in, and is also useful for 
drawing dies and forging tools. It is employed as a powder 
mixed with grease or as a colloidal suspension in oil.—a. G. 

Centralized Lubrication.—Exilir for Machine Life. R. F. 
Huber. (Steel, 1953, 188, Dec. 7, 136-138). The advantages 
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of centralized lubrication are set out, and various schemes 
described with examples.—D. L. c. P. 

Air ge saeger Plain a. H. Drescher. (Z.V.D.1., 
1953, 95, Dec. 1182-1190). The results of investigations 
into the design oe operation of plain bearings, lubricated by 
atmospheric air, are reported. Owing to the low —— of 
air the load capacity of the bearings is very small, but as the 
the viscosity of air changes little as it lubricates, high speeds 
are permissible. Suitable designs to counteract the onset of 
dynamic instability at high speed are presented. Some 
electrical machines with air-lubricated bearings are illustrated, 
the largest of these operates at 3000 r.p.m.—s. G. w. 

Special Requirements for Corrosion Testing of Lubricating 
Oils. A. Bukowiecki. (Schweiz. Arch. Wiss. Techn., 1953, 
19, Jan., 22-31). Conventional methods of analysis, for 
example, the measurement of acidity and determination of 
water, chlorine, and sulphur contents, are not sufficient for 
defining the corroding properties of lubricating oils. Actual 
corrosion tests are also needed, and suitable tests for engine 
oils and gear oils are described.—n. R. M. 


WELDING AND FLAME-CUTTING 


The Strength of Electric Arc Welds in Water-Hardened 
Basic-Bessemer Steel. J. Colbus. (Arch. Hisenhiittenwesen, 
1954, 25, Jan.-Feb., 77-84). The tensile strength and yield 
point of uncooled butt and fillet welds in water-hardened 
rimming and aluminium-killed basic-Bessemer steels (about 
0-1°;,, C) are much inferior to the original materials. The 
tensile strength and yield point are raised by cooling during 
welding, but the elongation and impact strength are markedly 
reduced. Water-hardened aluminium-killed steels with 0-15 
0- 20°, carbon were more suitable for welding than those with 
about 0-1°% carbon. They are also more resistant to re- 
heating, and butt and fillet welds can be made which show 
hardly any reduction of yield point, tensile strength, and 
elongation as compared with the original material.—J. P. 

Weldability of Steel as It Is ree by Swiss Engineers. 
C.G. Keel. (Metal Progress, 1954, 65, Jan., 89-93). Methods 
used by Swiss engineers to select steels for fabricating by weld- 
ing are explained, reference being made to several large all- 
welded structures. These include penstocks for hydro- 
electric plants, bridges, and sluice gates.—B. G. B. 

Poor Welds Can Start Brittle sro py F. J. Feely and 
M.S. Northup. (Steel, 1954, 184, Jan. 11, 100-101). Details 
are given of the collapse under test se two large oil storage 
tanks at an English refinery. Improper repairs led to com- 
plete failure, and the welding defects are described. Cracking, 
once started, propagated in a brittle manner through the 
plate material.—p. L. Cc. P. 

How to Control Carbide Precipitation in Welding Stainless 
Steels. G. E. Linnert and R. M. Larrimore, jun. (Mat. 
Methods, 1953, 38, Nov., 98-103). Intergranular corrosion 
caused by carbide precipitation during welding is discussed. 
Three practical methods for controlling carbide precipitation 
are described, viz., post-welded solution annealing treatment, 
the use of stabilized steels, and the use of extra-low carbon 
steels. Illustrations are given of etching tests of welds, which 
show the beneficial effects of the above methods.—rP. m. « 

Novel Method of Speeding Up Manual Arc Welding. L. 
Gillemot. (Acta Techn., 1953, 7, (3-4), 277-292). [In 
Russian]. Improvements to the Humboldt-Meller method of 
manual electric welding with two electrodes are described. 
One rod is placed horizontally in the joint and the second is 
held normally, the are from the latter melting both rods 
simultaneously.—R. A. R. 

In What Measure Are Tensile Stresses Relieved at 200- 
300° C. ? R. Gunnert. (Rev. Soudure, 1953, 9, (4), 195-206). The 
author examines the er of low temperature stress 
relieving, 7.e., at 200-300° C. instead of 550-650°C. The 
practical consequences of suc hi a possibility are very important 
particularly when dealing with large welded containers where 
it would be very difficult and costly to stress relieve at the 
higher temperatures. At 300° C.. base metal and weld metal 
behave identically and residual stresses are reduced to two- 
thirds of the original values.—m. D. J. B. 

The Defects Most Frequently Found in Electric-Are Welds. 
M. C. Hornegren. (HSAB Revue, 1953, (1), 7-14). [In 
French]. The author considers that defective welds are 
usually due to porosity, blowholes, slag inclusions, bad 
cutting, and fissures.—Rk. P. 
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Proposal for Standardizing International Symbols for Coated 
Electrodes for Arc Welding Mild and Low-Alloy High-Tensile 
Steels. (Rev. Soudure, 1953, 9, (4), 179-183). 

Evolution of Hydrogen from Weld Metal. K. Winterton 
and C. L. M. Cottrell. (Metallurgia, 1954, 49, Jan., 3-7). 
Hydrogen evolved at room temperature from freshly de- 
posited weld metal can be measured by the simple displace- 
ment method here described. The amounts of hydrogen 
emitted are quoted for 19 electrodes of various kinds. Experi- 
ments have also been made to determine the effect of welding 
current, storage and baking conditions, and the plate surface 
condition on the amount of hydrogen evolved. The impor- 
tance of hydrogen content in relation to cracking problems is 
briefly discussed.—B. G. B. 

Manufacture of Pipe as Related to End Use. R. Aubrey. 
(Reg. Tech. Meet. Amer. Iron Steel Inst., 1952, 197-213). The 
author discusses the manufacture of welded steel pipe in the 
West Coast region of U.S.A., describing the continuous-fur- 
nace, electrical resistance, and submerged arc welding pro- 
cesses. The properties of the pipes produced by these 
different processes are compared, and the main uses of the 
pipes are also outlined.—a. F. 

The Control and Design of Parts for Resistance, Spot, Projec- 
tion, and Seam Welding. R. Bushell. (Sheet Metal Ind., 
1953, 30, Oct., 879-884, 904). The author provides some 
details relating to control of resistance welding, and design of 
parts, with emphasis on the importance of installing fully 
controlled equipment. The importance of material specifica- 
tion, cleanliness, overlap joint dimensions, spot weld size, 
welding pressure, and electrode tip dimensions are discussed 
and typical examples quoted.—p. mM. c. 

Spot Welding of Ferritic Chrome Steels. H. Wangsjé. 
(Sheet Metal Ind., 1954, 81, Jan., 31-39). The problem of 
brittleness and susceptibility to corrosion of welds in 17% 
chromium, low nickel stainless steels is discussed. Details 
and results are given of a comprehensive series of tests in 
which shear strength, tensile strength, and corrosion resist- 
ance (in Krupp’s solution) were. determined for spot welds 
effected under different welding conditions. It is concluded 
that short weld time, high welding current, and post heating 
in the welding machine improve the quality of the weld. 

Guaranteed Standards of Weldability, a Requirement of the 
User. W. Grosse. (Schweissen u. Schneiden, 1953, 5, Dec., 
s36-s46). The weldability of steel in general is discussed. 
The effect of weld design and construction, of composition 
and properties of the base metal on the formation of stresses 
leading to failure are studied.—v. E. 

The Weldability of Structural Steels. H. Buchholtz. 
(Schweissen u. Schneiden, 1953, 5, Dec. s98-s105). The weld- 
ability of structural steels is discussed. Their behaviour 
under multi-axial stresses, and impact is examined. A new 
standard of requirements showing limits of composition, 
strength, and thickness for weldable structural steel is given. 


Material Transfer When Welding Steel with Nested Elec- 
trodes. F. Erdmann-Jesnitzer. (Schweissen u. Schneiden, 
1953, 5, Dec., sl06-s112). The material transfer when 
welding steel with different kinds of nested electrodes was 
studied by means of a slow motion colour film taking 750 
frames/sec. The following electrodes were. investigated : 
Medium-coated rutile, heavily coated acid, low hydrogen 
with a lime coating, and a bare wire. It was found that the 
double low-hydrogen electrodes with a lime coating gave the 
most stable alternating are and transferred the metal in large 
drops, the viscous slag which surrounds each drop preventing 
the formation of a molten metal bridge. The pair of heavily 
coated acid electrodes behaved differently. The are was at 
first formed at one electrode tip only with a metal transfer 
similar to that of a single electrode. The other electrode was 
heated, while the first one was in action with a material trans- 
fer in the form of large drops leading to a short circuit. The 
rutile-coated pair of electrodes, because of their thin coating, 
were too near to each other to prevent the formation of a 
bridge which in turn lead to a short circuit.—v. E. 

Welding Electrodes—Present Position, Reliability and Future 
Development, Especially with regard to Weldability. K. L. 
Zeyen. (Schweissen u. Schneiden, 1953, 5, Dec., s119-s140). 
The author describes in detail the properties and application 
of welding electrodes. The standardization of electrodes and 
weldable steels is discussed. Research results, obtained with 
large titania-coated electrodes, and examples of their applica- 
tion to the welding of structural steels, are given.—U.E. 
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The Influence of Degree of Deoxidation and Nitrogen Content 
on the Weld Deposit. J.M. Sistiaga. (Schweissen u. Schneid- 
en, 1953, 5, Dec., sl113-s116). The effect of oxygen and 
nitrogen on the brittleness of weld deposits was investigated. 
Steel plate (0-13% C, and 19/32 in. thick) was butt welded 
with mild steel electrodes of similar composition but with 
different coatings. The chemical analysis and microscopical 
examination of the weld deposit showed that electrodes having 
a coating, which contained FeO or MnO, gave a poor weld 
deposit of low notch impact strength. A low nitrogen and 
well deoxidized weld deposit did not show a tendency to 
brittle fracture. Nitrogen did not affect the notch-impact 
test values.—v. E. 

Sintered Electrodes. A. Matting. (Schweissen u. Schneiden, 
1953, 5, Dec., s116-s118). Sintered electrodes, produced 
from iron powder and additional slag formers (20%), such as 
rutile, feldspar, asbestos, and ferromanganese, are investi- 
gated. Properties of the electrode and weld-deposit are dis- 
cussed.—v. E. 

The Prevention of Shrinkage Cracks in Steel by Plastic 
Strain during Welding. J. Beckstroem. (Schweissen uw. 
Schneiden, 1953, 5, Dec., s163-s169). The effect of cooling 
and plastic strain on the stucture and properties of weld 
deposits are discussed. By combining welding and the heat- 
ing of the adjacent zone with a second gas burner, shrinkage 
stresses leading to cracking can be largely avoided. A few 
examples of the combined process are illustrated.—v. E. 

Measuring Factors Affecting Gas-Welding Processes. H. H. 
Emschermann. (Schweissen u. Schneiden, 1953, 5, Dec., 
s170-s176). Methods for determining temperature, defor- 
mation and residual stresses in oxy-acetylene welds are 
discussed.—v. E. 

The Welding of Austenitic Steels. F.A. Ball. (Sheet Metal 
Ind., 1953, 80, Sept., 790-799). The phenomenon of weld 
decay is discussed and methods of eliminating it, (heat-treat- 
ment, reduction of carbon content, and stabilization by 
titanium or niobium) are described. Various types of aus- 
tenitic stainless steel are considered from the point of view 
of weldability, and the ways in which such steels differ in 
welding characteristics from mild steel are outlined with 
reference to fusion, metallic arc, argon are, submerged arc, 
oxyacetylene, atomic hydrogen, and carbon are methods. 

The Welding of Stainless and Heat-Resistant Materials at 
the Works of Welding Technical Services Ltd. (Sheet Metal 
Ind., 1953, 80, Sept., 805-815). The many types of stain- 
less steel and high-nickel heat-resistant alloys suitable for 
welded fabrication are listed. The welding characteristics 
are discusse, particular reference being made to weld decay, 
sigma formation, and other phenomena associated with this 
class of material. Methods of welding are briefly described, 
and the processes and types of product dealt with by Welding 
Technical Services Ltd., Birmingham, are described and 
illustrated. (23 references).—P. M. Cc. 

Cracking in Stainless and Heat-Resisting Weld Metals. 
H.F. Tremlett. (Trans. Inst. Weld., 1953, 16, Dec., 143-153, 
174). In this paper, the idea is developed that cracking in 
stainless and heat-resisting welds may be prevented by proper 
choice of weld structure. Examples of cracking in niobium- 
and molybdenum-bearing stainless welds and also in heat- 
resisting welds are given, and the crack-resistant properties 
of welds with duplex structure is shown by laboratory crack 
tests. Reference is made to the value of the Schaeffler dia- 
gram, with modified factors, as a guide to the selection of 
suitable weld metal composition.—v. E. 

Thermit Welding of Rolling Mill Pinions. J. C. Querido, 
jun. (Eng. J., 1953, 36, Nov., 1468-1471). A practical 
account is given of the thermit welding process, and its 
application to the repair of mill drive pinions, including 
designing of the mould box. Safety precautions to be 
observed are listed.—x. E. J. 

The Aluminothermic Process and Its Variants. ‘T. Burchell. 
(Bull. Inst. Metals, 1953, 2, Dec., 46-47). The present-day 
use of the thermit process is discussed. Metal and alloys 
produced by this process in Great Britain total over 15,000 
tons per annum. The use of the process for welding is 
described ; the welding of joints in long overhead crane tracks 
in modern steel mills is an example of its use.—B. G. B. 

Third Technical Progress Report of the Ship Structure Com- 
mittee. (Weld. Res. Council, Bull. Series, No. 16, 1953, Nov., 
1-21). A progress report is presented of the research activi- 
ties of the Ship Structure Committee. It covers design, 
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material, fabrication, residual stresses, and analysis of struc- 
tural performance of ships. (55 references).—v. E. 

Research Under the Ship Structure Committee. E. A. 
Wright, F. Jonassen, and H. G. Acker. (Weld. Res. Council 
Bull. Series, No. 16, 1953, Nov., 22-42). The brittle-ductile, 
transition temperature and stress conditions have been investi- 
gated in ship’s structures. Special attention has been 
directed to welded reinforcements of openings in steel struc- 
tures, and tanker bottom longitudinal members.—v. E. 

Making Satisfactory Soldered Joints in Cast Iron. W. M. 
Halliday. (Machine Shop Maq., 1953, 14, Nov., 503-504). A 
method of soldering small cast-iron bearing caps to affix 
bronze liners is described. It is claimed that various cleaning 
and preparing operations, whilst rather more protracted than 
those required for ordinary soldering, produced an effective 
soldered joint.—™. A. kK. 

Some Practical Pointers on Silver Alloy Brazing. %. 
McCaulley. (Metal Progress, 1953, 64, Dec., 161-164). 
Practical advice on the technique of silver alloy brazing is 
given. The clearances necessary on joints are considered and 
four different types of joint for a brazed hub shaft are 
examined.—B. G. B. 

New Technique for Brazing Stainless Steels in a Controlled 
Atmosphere. (Indust. Finishing, 1953, 6, Dec., 342-345). 
Details are given of a new technique developed by The 
General Electric Co. Ltd. for brazing with copper or 
‘** Nicrobraz’”’ in the temperature range 700-1100° C. An 
atmosphere of very dry hydrogen is used to prevent oxida- 
tion, and the parts are contained in a pot loaded into a 60- 
kW. vertical electric furnace.—k. E. J. 

Powder Dressing Processes. E. Zorn. (Metalloberfldche, 
1954, 8, Jan., A8—a9). The principles and applications of this 
method (which makes use of an oxy-acetylene jet impregnated 
with iron powder for dressing castings) are outlined.—t. D. H. 

Oxygen Cutting with Powdered Iron. (Génie Civil, 1953, 
180, Dec. 15, 474-475). Pure iron powder is injected into the 
oxy-acetylene cutting lance, thereby raising the flame tem- 
perature, lowering the melting point of refractory oxides and 
exerting an auxiliary mechanical cutting action. The process 
is applicable to high alloy steels and nickel alloys not treatable 
by normal oxygen cutting methods.—a. G. 

Distribution of Gas for Oxy-Cutting and Welding. (Wt. 
Constr. Mécan., 1953, 85, Dec., 981-984). Methods used for 
the production of acetylene and the distribution of acetylene 
and oxygen at constant pressure are briefly considered. 


MACHINING AND MACHINABILITY 


Metallurgists Offer Cutting Tools a Bigger Bite. R. F. 
Huber. (Steel, 1954, 184, Jan. 11, 70-73). Examples are 
given of the production and working of basic steels with alloy 
additions which are designed to improve machinability but 
leave other physical properties unchanged. A range of 
leaded steels and some advantages which have been obtained 
by employing them are described. Production of the open- 
hearth equivalent of free-machining Bessemer screw stock is 
also dealt with.—D. L. c. P. 

The Machining of Stainless Steels. J. Daurat. (Mét. 
Constr. Mécan., 1953, 85, Mar., 191-195 ; Apr., 275-281 ; May, 
387-389 ; June, 487-489; July, 557-561; Aug., 619-621 ; 
Sept., 711-715 ; Oct., 791-793 ; Nov., 885-887). A detailed 
account is given of the special techniques developed for 
machining stainless steels. The operations of drilling, tap- 
ping, reaming, broaching, drifting, filing, and grinding are 
considered. Large cutting tools and cooled cutting oil should 
be used during turning. Owing to the lower thermal con- 
ductivity, of the stainless steels, disposal of the heat produced 
at the cutting surface is not easy. The design of tools for 
turning is considered. The particular difficulties involved 
and the techniques used for cutting screw threads are de- 
scribed. Precautions which must be taken when milling 
stainless steels are elaborated.—n. G. B 

Lubrication in the Cutting of Metals. A. Niedzwiedzki. 
(Machinery, 1954, 84, Feb. 12, 337-343). The classification of 
cutting fluids, the properties of cutting oils and aqueous 
emulsions, and the use of compressed gases as a cooling media 
in metal cutting are discussed. Comparisons of high-speed 
tool steel life with different cutting fluids are made.—u. A. kK. 

Carbon Dioxide As a Machining Coolant. (Hngineer, 1954, 
197, Jan. 29, 181-182). Particulars are given of a method 
developed by the Carbon Dioxide Co. Ltd., London, in con- 
junction with the Distillers Co. Ltd., for using carbon dioxide 
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as a cutting-tool coolant. The best field of application is in 
dry turning, where mac erty speeds can be greatly increased 
and tool life extended.—m. D. J. B. 

Free Machining Steel. “ 'anad, Metals, 1953, 16, Dec., 56). 
A very short account of the production and properties of a 
series of free-machining steels made by the Jones and Laughlin 
Steel Corp. is given.—B. G. B. 

Grinding Castings. M. I. Borisov, Ek. G. Rutter, and I. I. 
Sankov. (Liteinoe Proizvodstvo, 1953, (8), 12-15). [In 
Russian]. <A detailed de ‘scription is given of a machine for 
the emery grinding of ~— of various shapes.—s. K. 

Grinding Hazards. R. Hardwick. (Metallurgia, 1954, 
49, Jan., 21-25). i gion of tools is accompanied by 
local heat generation, and unless the operation is carried out 
correctly it can result in softening and cracking of the surface 
of the tool. These effects may be aggravated by incorrect 
heat-treatment before grinding. Methods of improving 
grinding operations are described.—ks. G. B. 

Pressure Blast Lapping. (Draht, German ed., 1953, 4, Nov., 
426-428). A lapping method is described in which a suspen- 
sion of the abrasive is propelled against the workpiece by high- 
pressure air blast. The method is suitable for the finishing of 
stamping dies, valve springs, screws, rolls, ete. A machine 
for the purpose is manufactured by Peter Woltere, Mettmann. 

The Field for Vapour Blasting. (Machinery, 
1954, 84, Jan. 22, 84). Various application of the plant 
manufactured by Abrasive Developments Ltd. are discussed. 
The equipment used consists of an abrasive liquid projected 
at high velocity on to machined parts to produce a good 
surface finish.—m. A. K. 

The Quality of Machined Bearing Surfaces of Machine Tools. 
F. Drabek. (Slévdrenstvi, 1953, 1, (10), 256-260). [In 
Czech]. The nature of wear of metallic surfaces, the influence 
of surface roughness on the life of high quality surfaces 
subject to wear by sliding, pitting, and the effects of load and 
lubricants are discussed. Experimental wear testing equip- 
ment, in which a 2} in. thick plate moves to-and-fro between 
parallel surfaces loaded by variable weights, is described, and 
results obtained are given. Increasing the silicon reduces wear 
resistances. In carbon steels a carbon content corresponding 
to an eutectoid pearlitic structure leads to best wear resistance. 
The criterion of hardness is — quate, by itself, as a reliable 
measure of wear resistance.—P. 

How Machinable Are the Cast Irons 7 ? E. A. Loria. (Iron 
Age, 1953, 172, Nov. 19, 158-161). A constant pressure lathe 
developed by the Battelle Memorial Institute has been used 
to evaluate the relative machinability of nodular malleable 
and grey cast irons and correlate it with their mechanical 
properties. Thirty-three irons are listed and machinability 
ratings are given for them. Machinability of the nodular 
irons is improved considerably by annealing at 1650 F, 


CLEANING AND PICKLING 


Selecting Metal Cleaning Methods. J.B. Campbell. (at. 
Methods, 1953, 38, Nov., 119-134). The paper is intended to 
familiarize the non-expert with the basic features of the 
standard metal cleaning methods, and to aid him in selecting 
the best one for a particular application. A tabular presenta- 
tion of a wealth of information covers the principles, require- 
ments, effect of surface contamination, suitability for different 
metals, effect of component design, and effect of subsequent 
operations relevant to each of 15 different cleaning methods. 

Chemical rege? of Metals and Alloys. J. J. de Jong. 
(Metalen, 1954, 9, Jan. 15, 2-7). [In Dutch]. The author 
reviews the literature on the polishing of metal surfaces by 
the chemical process, comparing it with the electrolytic polish- 
ing process. The chemical process causes no deformation or 
impairment of the metal surface such as is the case with elec- 
trolytic polishing. The loss of material by either method is 
much the same. The composition of baths suitable for 
various ferrous and non-ferrous metals and alloys is given. 
The chemical process, although at present in its early stages, 
will make headway as a laboratory method of preparing metal- 
lographic specimens.—F. R. H. 

A Simple Reproducible Method for Determining Metal Clean- 
ing Efficiency. A. Miller and E. A. Hedman. (Amer. Soc. 
Test. Mat. Bull., 1953, Dec., 51-52). A simple method of 
testing the efficiency of various solutions used to clean metal 
surfaces of delicate instruments is described.—n. G. B. 

Selection of Metal Cleaning Cycles. 8. Spring. (Steel, 1953, 

» Nov. 9, 112-114 ; Nov. 16, 112-114). The variables to 
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be considered when choosing a surface cleaning method are 
set out, and the characteristics of various cleaning processes 
given. Recommendations are made for removing various 
types of soil.—p. L. c. P. 

Shot Peening. (Indust. Finishing, 1953, 6, Oct., 182-187). 
Details are given of the techniques and effects of shot peening. 
It is cheaper and quicker than polishing, and the improvement 
in fatigue life it produces enables smaller and lighter com- 
ponents to be used. Special applications include the com- 
batting of stress corrosion cracking, reduction of porosity in 
die castings, production of oil-retaining surfaces, testing 
adhesion of coatings, and enhanced fatigue performance by 
peening under stress.—k. E. J. 

Design for Longer Pickling Equipment Life. J. F. Revilock. 
(Steel, 1953, 188, Dec. 21, 84-88). Parts of pickling equip- 
ment, which may advantageously be made from carbon, 
graphite or impervious graphite (e.g., ‘ Karbate ’) materials 
are described. These materials have been used under corro- 
sive conditions for the following parts of pickling equipment : 
Jets, scour plates, solution heaters, pumps, pipes and fittings, 
acid inlets, skid blocks, and conductor rolls.—p. L. c. P. 

Heating of Acid Pickling Liquor by Submerged Combustion. 
(Indust. Finishing, 1953, 6, Dec., 366, 368, 372). Details are 
given of an installation by Nordac Ltd. which heats two acid 
vats below ground level. The submerged burner is fed with a 
complete gas-air mixture from a Rootes type compressor, 
towns gas filtered and governed to 3 in. W.G. being the fuel. 
Operating figures for the burner and vats are given.—k. E. J. 

Chromium Removal, Especially Hard Chromium. A. Pollack. 
(Metalloberfldche, 1953, 7, Oct., al57-al58). The use of 
electrolytic stripping baths for the removal of chromium 
plating is described. For removal of chromium without 
attacking the nickel undercoat, electrolytes of caustic soda 
solution, either alone or with sodium carbonate, are recom- 
mended. If the chromium and nickel are to be stripped. 
dilute sulphuric acid is used.—t. D. H. 

Continuous Recovery Process for Acid and Metal from 
Pickling Solutions. R. H. McCormack. (Metal Progress, 1953, 
64, Oct., 134, 136). An outline of a continuous process for 
the recovery of metal and acid from hydrochloric acid pickling 
solutions is given. The method is based on the oxidation of 
ferrous chloride by air and subsequent extraction of the ferric 
chloride by isopropyl ether.—s. G. B. 

Mechanical Descaling of Wire Rods Improves Coating. 
(Steel, 1953, 188, Dec. 21, 114-117). Points of interest in the 
mechanical descaling of wire are selected from papers on wire 
drawing, presented to the American Wire Association. 


PROTECTIVE COATINGS 


Electroless Plating in Production. T. A. Dickinson. 
(Sheet Metal Ind., 1954, 31, Jan., 19-21, 30). The author de- 
scribes what is believed to be the first plant for the electroless 
plating of ferrous and cuprous materials on a large-scale pro- 
duction basis, at the Chemplate Co. of Los Angeles. The 
process involves, briefly, the reduction of a nickel salt in a 
heated solution by means of hypophosphites, a typical solu- 
tion contains 4 oz. nickel chloride, 1-3 oz. sodium hypophos- 
phite, 6-7 oz. sodium hydroxyacetate, and brighteners, per 
gallon. Maximum plating rate is about 0-0005  in./hr. 
Excellent adhesion to the base metal is obtained, and thick- 
nesses can be controlled to + 0-00001 in.—P. Mm. c. 

Rapid Control of Electrolytes Intended for the Separation of 
Metals. Action of Fluorine in Zinc Sulphate Solutions. E. 
Bertorelle. (Metalloberfléche, 1954, 8, Jan., B2-B5). After 
referring briefly to various methods of assessing conditions in 
baths during electrolysis, the author describes in detail the 
construction and use of the ‘three-cornered’ cell. As an 
example of its application, an investigation is described of 
the effect of additions of sodium fluoride on the separation of 
black powdered zinc from a zine sulphate electrolyte.—t. D. H. 

Evaluation of Carbonate Removal Methods. R.S. Modjeska. 
(Metal Ind., 1953, 88, Nov. 6, 383, 384). A brief review is 
presented of the methods used for the removal of carbonates 
from electroplating solutions. These are; freezing-out, 
chemical precipitation, acid treatment, and dilution. (10 
references).—P. M. C. 

The Application of Polarographic Adsorption Analysis to the 
Investigation of Bright Electroplating Baths. J. Smelik. 
(Metalloberflache, 1953, 7, Nov., 8165-8169). A method is 
described of following changes in composition of additions to 
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bright plating baths, using polarographic adsorption tech- 
nique. The method can be used for acid and cyanometric 
baths. Several examples are described.—t. D. H. 

Gaging with Activated Neutrons. H. V. Watts and L. 
Reiffel. (Steel, 1953, 188, Nov. 23, 110-111). An example 
is presented of the industrial use which can be made of the 
neutron-activation analysis technique. The method is used 
for accurately measuring the thickness of silver plate on the 
internal surface of radar wave guides.—D. L. C. P. 

The Origin of Stress in Metal Layers Condensed from the 
Vapour in High Vacuum. H. P. Murbach and H. Wilman. 
(Proc. Phys. Soc., 1953, B66, Nov. 1, 905-910). Measurements 
were made of the stress in deposits of nickel, iron, palladium, 
gold, copper, silver, antimony, aluminium, bismuth, mag- 
nesium and zine condensed on copper stripes. It arises from 
the contraction of the upper regions of the growing deposit, 
which sets up tensile stress in regions below the recrystalliza- 
tion temperature. (14 references).—k. E. J. ; 

Black Chromium-Base Electroplating. M. F. Quaely. 
(Proc. Amer. Electroplaters’ Soc., 1953, 40, 48-52 ; Plating, 
1953, 40, Sept., 982-986 ; Metal Ind., 1953, 88, Oct. 9, 299, 
300). There is considerable demand for black finishes posses- 
sing good adherence, heat resistance, and black-body proper- 
ties, for electron tube parts, bimetal heater elements, etc. A 
solution for electro-depositing a good black finish, consisting 
mainly of chromium with a small amount of vanadium, has 
been developed and patented by the author. It contains 
chromic acid and vanadium salts, in a ratio of about 20 parts 
chromium to 1 part vanadium, together with an organic acid. 
Typical solution compositions and current densities, tempera- 
tures, ete., are quoted. (13 references).—pP. M. Cc. 

D-Chromium Plating. A. Kutzelnigg. (Metalloberfliche, 
1953, 7, Oct., B156-B160). ‘D’ chromium plating—using 
tetravalent chromium electrolytes—has properties which dis- 
tinguish it from bright or hard chromium deposits. The pro- 
perties of the bath, conditions of working, and the type of 
coating produced are described, with examples of its applica- 
tion. Photomicrographs illustrating the special properties of 
“D” plating, and comparing these with other methods of 
chromium plating, are reproduced.—t. D. H. 

Recent Development Tendencies in the Realm of Chromium 
Deposition. H.W. Dettner. (Metalloberfldche, 1953, '7, Oct., 
B149-B151). Among recent developments discussed are the 
American process for the electrolytic reduction of chromium 
from chromium ores, the use of hydrofluoric acid and fluorides 
as catalysts, and the use of ‘ self-regulating ’ baths.—t. D. H. 

Special Installations for Chromium Plating. (Metallober- 
flache, 1953,'7, Oct., A152-a157). Several types of equipment 
designed for the plating of mass produced articles are des- 
cribed.—1.D.H. 

Metallographic Investigations of Electrolytically Separated 
Chromium Deposits. L. Koch and G. Hein. (Metallober- 

flache, 1953, 7, Oct., Al45-a148). Investigation of chromium 
deposited by a single phase rectified A.C. showed the presence 
of the B-modification. This B-modification is unstable, and is 
transformed on tempering or after long periods at room tem- 
peratures, into a cubic, non-polarizing modification.—t. D. H. 


Putting Chrome on Ferrous Surfaces. R. L. Wachtell. 
(Steel, 1953, 188, Dec. 7, 160-161). The ‘ Chromalloy ’ pro- 
cess is dealt with and the properties of the ‘ Chromacarb ’ 
case are described and examples of its application given. The 
process can develop a ductile case (0-006 in.) of chromium on 
low carbon steel, or a thin (0-0007 in.) extremely hard chrom- 
ium carbide case on steels of medium to high carbon content. 
The high temperature process produces a layer that will not 
spall, peelor flake. Resistance to heat, wear, and corrosion are 
provided.—p. L. Cc. P. 

Health Hazards in Chromium Plating and Protection 
Against Them. W. Kohl. (Metalloberfliche, 1953, 7, Oct., 
B154-B155). Possible effects of chromic acid on the health of 
operators are enumerated ; they include skin diseases and 
damage to the nasal and respiratory passages. Precautions 
recommended are good ventilation, sufficient working space, 
avoidance as far as possible of direct contact with the acid 
and fumes, and suitable protection and cleaning of the skin. 

Chromium Plating in the Patent Literature Since 1940. F. 
Markhoff. (Metalloberfldche, 1953, 7, Oct., a149-a152). 

The Adhesion of Nickel-Chromium Layers. A. von Krusen- 
stjern. (Metalloberfliche, 1953, 7, Oct., B153-B154). Tests 
carried out on a number of parts showed that thorough and 
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suitable cleaning was essential, and should be carried out as 
soon as possible after grinding or polishing. Neglect of these 
measures also led to pitting.—t. D. H. 

Copper Baths for the Production of Thicker Intermediate 
Layers for Subsequent Bright Nickel and Chromium Plating. 
E. Gerber. (Metalloberfldche, 1953, '7, Oct., 8152-8153). The 
advantages of cyanide baths for producing heavy copper 
deposits are pointed out. These baths are high in copper, and 
a high current density can be used. If suitable precautions 
are taken, the deposit is comparatively free from hydrogen. 
Control of carbonate formation by the addition of sodium 
salts, and the use of Rochelle salt are mentioned.—t. D. H. 

Plating Shares Spotlight with Design. (Stee/, 1953, 188, 
Nov. 23, 114-116). The plating procedure followed by the 
General Motors Cadillac Division (which does 80° of its own 
plating) is described. Automatic machines are employed 
where possible, to give a copper-nickel-chromium coating to 
motor-car parts.—D. L. C. P. 

Study of Some Phenomena Associated with the Adherence 
of Sheet Iron Ground Coats. R. F. Patrick, E. G. Porst, and 
G. H. Spencer-Strong. (J. Amer. Ceram. Soc., 1953, 36, Sept., 
305-313). An investigation is reported, on the rdéle of 
deposited cobalt and — in the adherence of ground coats 
to sheet iron.—D. L. Cc. 

An X-Ray Study of the Effect of Organic Compounds on the 
Crystai Growth of Nickel during Electrodeposition. F. Denise 
and H. Leidheiser, jun. (J. Electrochem. Soc., 1953, 100, Nov., 
490-495). X-ray diffraction analyses have been made of 
nickel deposits from 30 Watt’s baths each containing a differ- 
ent organic compound. In low concentrations the effect of 
the additives may be classified into five groups according to 
their effects on grain size and orientation of the deposit. 
Most of the mirror-bright deposits showed no _ preferred 
orientation.—aA. D. H. 

The Interaction of Organic Compounds with the Surface 
during the Electrodeposition of Nickel. C. C. Roth and H. 
Leidheiser, jun. (J. Electrochem. Soc., 1953, 100, Dec., 553- 
565). Cathode potential measurements have been made 
during the deposition of nickel in a Watt’s bath in the presence 
of 76 organic compounds. Cathode polarization is increased 
by low concentrations of basic compounds with a large num- 
ber of available electrons and/or a large molecular size. 
Brightness, brittleness, peeling, and cracking are shown to be 
connected with change of polarization. Adsorption experi- 
ments with nickel powder indicated that the compounds most 
effective in increasing cathode potential were readily adsorbed. 
The adsorbed compounds interfered with electron transfer 
and crystal growth.—a. D. H. 

A Metallographic Study of Some Steels Used for Nickel 
Plating. A. E.R. Westman and F. A. Mohnnheim. (Plating, 
1953, 40, Dec., 1366-1375). Nickel plating on articles made 
from low, medium, and high carbon steels was examined by 
conical illumination, phase contrast, and taper sectioning. 
Investigation of several coatings which failed to provide 
protection indicates that the basis metal may be a contributing 
factor.—A. D. H. 

Galvanizing Techniques in the U.S.A. (Organization for 
European Economic Co-operation, Technical Assistance Mission 
No. 78, Sept., 1953). This report is the work of a group of 
29 experts connected with the galvanizing industry of 12 
European countries. It is in seven chapters comprising : (1) 
Introduction, summary, and conclusions ; (2) sheet and strip 
galvanizing ; (3) tube galvanizing ; (4) galvanizing of wire and 
wire products ; (5) finished product galvanizing ; (6) technical 
questions common to the whole industry ; and (7) management, 
labour, and welfare.—R. A. R. 

Sheet Metal Surface and Hot-Dip Galvanizing. H. Bablik. 
(Metall, 1953, 7, Nov., 849-851). The effect of surface 
structure and composition on the nature of the zine coating is 
explained by reference to experiments by the author and 
others. In particular, it is noted that cold working activates 
the surface with increased attack by zine and formation of 
an iron and zine alloy, particularly in the ‘ dry ’ process. The 
‘ dewetting ’ in galvanizing is shown to be due to the presence 
in the surface of cementite formed during the bright annealing 
of sheet.—J. G. w. 

Examples of the Application of Zinc Spraying in Germany. 
R. Weber. (Metall, 1953, 7, Nov., 852-854). The merits of 
zine coating by spraying are discussed and examples of its 
increasing use in Germany are given.—J. G. W. 

Application of Zine Spraying Abroad. Bayer. (Metall, 
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1953, 7, Nov., 855). Examples of the use of this process in 
Great Britain are quoted.—J. G. w. 

Significance and Use of MHot-Dip Galvanizing. R. 
Haarmann. (Metall, 1953, 7, Nov., 930-932). Statistics of 
galvanized products in the U.S.A. and elsewhere are quoted. 

Action and Application of Fluxes in Hot Galvanizing. J. 
Hille. (Arch. Eisenhiittenwesen, 1954, 25, Jan.-Feb., 19-31). 
A knowledge of the chemical and physical properties and the 
action of hot galvanizing fluxes, gained from recent investiga- 
tions, make its possible to choose materials and methods suit- 
able for wet and dry galvanizing. Tests are reported which 
show that a satisfactory level of aluminium in the spelter 
under a flux cover is possible without uneconomic additions of 
aluminium, if the flux contains alkali chlorides and fluorides 
in addition to the usual zinc and ammonium chlorides. Re- 
commendations on the choice of flux for hot tinning and lead. 
ing are made.—4J. P. 

Radiant Burners Improve Galvanizing Quality, Cut Costs. 
R. M. Breckenridge and K. E. Rasmussen. (Iron Age, 1953, 
172, Nov. 5, 168-171). The life of galvanizing pots can be 
lengthened by the use of a novel burner. This design causes 
burning fuel to be distributed radially in the burner cup within 
which complete combustion takes place. Thus there is no 
flame impingement on the galvanizing pot. The burner tem- 
perature can be held within 5° F. by close control of fuel 
input.—A. M. F. 

The Uniformity of Galvanized Coatings and the Expected 
Life of the Galvanized Article. N. B. Rutherford. (Brit. 
Non-Ferrous Met. Res. Assoc. : Sheet Metal Ind., 1952, 30, 
Oct., 891-898). Different types of non-uniformity, local and 
general thickness variations, and edge and corner effects, are 
described. Experiments are described, the purpose of which 
was to measure the effect of modified coating techniques on 
the uniformity and expected life of galvanized ware. It is 
concluded that slow withdrawal is a much more important 
factor than the presence or absence of small aluminium con- 
tents in producing uniform coatings, and that in certain cases 
reduced zinc consumption can be effected without reducing 
the expected life of the article.—p. M. c. 

Electroplating Prior to Hot Galvanizing for Improved 
Results. A. T. Baldwin. (Metal Progress, 1953, 64, Dec., 
76-81). An investigation is reported on the effect of electro- 
plating steel sheets with zinc, tin, nickel, or iron, before hot- 
dip galvanizing. Micrographs of the surface layers are shown. 
The results are of a preliminary nature.—B. G. B. 

Hot Dip Tinning. G. Haas. (Mét. Constr. Mécan., 1953, 
85, June, 501-505; July, 571-573; Aug., 629-631 ; Oct., 
801-803 ; Nov., 895-897 ; Continuation of a series of papers 
(see J. Iron Steel Inst., 1953, 175, Dec., 439). The practical 
precautions necessary to obtain efficient coatings of tin are 
considered and different types of practice are described. 
Methods of preparing and using the flux are explained. The 
techniques used for the actual dipping into the molten tin are 
described. Dipping into two baths of molten tin followed by 
immediate dipping into a bath of palm oil facilitates the 
removal of excess tin. The optimum cooling conditions after 
tinning are considered.—n. G. B. 

Tinning of Thin Steel Sheet. M.Sy¥kora. (Hutnik (Prague), 
1953, 8, (12), 275-278). [In Czech]. Principles and practice 
of amie and properties and grading of thin sheet are 
discussed.—P. F. 

High-Speed Tinplate Production. (Hlect. Rev., 1954, 154, 
Jan. 15, 93-101). The manufacturing processes and elec- 
trical equipment of the Trostre Works of the Steel Company 
of Wales are described. The layout of the plant, and its 
electrical supply are first dealt with, and the following sections 
devote more attention to electrical equipment in the pickling 
plant, cold reduction mills, and the electrolytic cleaning and 
tinning sections.—L. D. H. 

Report of Industry Survey of Coating Weights of Common 
Coke and Standard Coke Hot Dip Tin Plate for the Period 
March through August 1950. (Amer. Iron Steel Inst. Con- 
tributions to the Metallurgy og Steel No. 39, Apr., 1952). This 
booklet presents four tables and four frequency curves show- 
ing the weights of tin crating per basic box from samples from 
13 plants in the U.S.A.—k. A. R. 

Machine Power Replaces Muscles at the Tinopolis of Wales. 
(United Effort, 1953, 38, Nov.-Dec., 4-10). A description of 
the Steel Company of Wales’ high- -speed continuous tinplate 
mill, with many illustrations is given.—R. P. 
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Some Observations on the Electrodeposition of Tin-Zinc 
Alloys. B.C. Lewsey. (Electroplating, 1953, 6, Nov., 411- 
415). The results of plating shop experience show that the 
deposition of 75% Sn-25% Zn alloys from alkaline baths 
requires rigid control, particularly of caustic content. A 
rubber-lined vat should be used.—a. D. H. 

Factors Affecting the Transformation to Gray Tin at Low 
Temperatures. R. R. Rogers and J. F. Fydell. (J. Electro- 
chem. Soc., 1953, 100, Sept., 383-387). The tendency for grey 
tin to form is affected by the composition and thickness, the 
temperature of transformation, and the previous history of 
the tin. The transformation can be inoculated by grey tin 
or germanium but sometimes it occurs spontaneously. Grey 
tin can be prevented from forming if certain precautions are 
taken.—a. D. H. 

Studies in the Electrodeposition of Cobalt from Fluoborate 
Baths. D. M. Fegredo and J. Balachandra. (J. Indian 
Institute of Science, 1953, 85, Oct., B191—8201). Varying the 
experimental conditions resulted in stipulation of the following 
conditions : Temperature 45-50° C., pH 3-5, cathodic e.d. 
50-60 amp/sq. ft.; cobalt fluoborate 116-154 g./l., boric acid 
15 g./l.; no stirring. At low current densities (0-05-0-2 amp./ 
sq. ft.) agitation decreases polarization. Optimum conditions 
for mixed cobalt and nickel fluoborate are given.—R. P. 

Electrodeposition of Silver from the Iodide Bath. T. L. 
Rama Char and R. Sadagopachari. (J. Indian Institute of 
Science, 1953, 85, Oct., a298-a306). The iodide bath is 
comparable with the cyanide bath for plating on copper, 
except for higher conductivity and lower cathode polarization 
of the former. 

Electrodeposition of Copper from the Diethanolamine Bath. 
N. B. Shivaraman and T. L. RamaChar. (J. Indian Institute 
of Science, 1953, 35, Oct. A293-a297). The following condi- 
tions were found most satisfactory : Copper oxalate 45 g./l., 
rochelle salt 45 g./l., diethanolamine 68 ml./l., pH 9-0, tem- 
perature 24°C. and c.d. 1:2-1-6 amp./sq. dm. Sodium 
sulphate increased the brightness of the deposit.—R. P. 

The Hot Aluminizing of Steel Wires. K. Janecky. (Hutntk 
(Prague), 1953, 3, (12), 278-279). [In Czech]. The principles 
and difficulties encountered in aluminizing steel wires are 
considered. The ‘ Aplate’ method due to Colin and Fink, 
utilizing a reducing atmosphere at 1000° C., is described.—P. F. 

Bronze Plating Solves Design and Corrosion Problems. 
W. H. Safranek, W. J. Neill, and D. E. Seelbach. (Steel, 
1953, 188, Dec. 21, 102-109). The method of application and 
fields of use of a new bronze alloy plating process are described. 
‘ Lustralite ’ alloys of various copper/tin ratios are desposited 
from warm baths of complex composition. The bronze 
plating on some bearing surfaces has given better results than 
solid bronze. Other uses are as a decorative finish, for 
salvaging badly machined parts, for electroforming, and as a 
‘stop ’ for surface hardening.—D. L. c. P. 

Prevention of Corrosion by Metallizing the Surface. H. 
Vanderpool. (Metal Progress, 1953, 64, Nov., 161-173). The 
use of sprayed metal coatings for combatting corrosion is first 
considered. Methods of applying metals are explained and a 
number of examples showing the effectiveness of sprayed 
coatings of zine in inhibiting the corrosion of iron and steel 
under widely different conditions are given. Zinc, aluminium, 
and nickel-chromium coatings are discussed.—B. G. B. 

Further Developments in Metal Spraying Techniques. H. 
Reiniger. (Metalloberflache, 1954, 8, Jan., B6-B11). A com- 
prehensive survey is made of recent developments in metalliz- 
ing processes. Subjects dealt with include apparatus and 
equipment, pre-treatment with adhesive coatings, structures 
and properties, spray welding processes, corrosion resisting 
coatings, and flame spraying. (34 references).—1. D. H. 

New Surface Treatment Method Facilitates the Cold Work- 
ing of Stainless and Heat-Resistant Alloys. H. A. Holden. 
(Sheet Metal Ind., 1953, 80, Sept., 775-778, 819). Bonderiz- 
ing, the formation of a zine-phosphate coat, is not applicable 
to stainless steels because of their resistance to attack by the 
low free phosphoric content of the bonderizing solution. A 
new process, Bonderite ‘SS’, has therefore been developed 
in which an organic crystalline coat, consisting principally 
of ferrous oxalate, is formed. The process is being used on a 
full-scale production basis for stainless steel tube drawing, 
and is being applied with success to plug drawing, section and 
bar drawing, and deep drawing.—®. M. c. 

Vacuum Metallizing and Plating—A Comparison. I. Cross. 
(Metal Finishing, 1953, 51, Dec., 59-78). The principles of 
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vacuum deposition of metals upon plastics and metals are 
described. The process cannot produce such high quality 
deposits as electroplating and is economic only when a large 
quantity of material has to be treated.—a. D. H. 

Porosity of Sprayed Coatings. B. de Paauw. (Electro- 
plating, 1953, 6, Nov., 435-438 ; Dec., 475-476). The origin 
of porosity in sprayed coatings and the effect of operating 
variables are discussed. The influence of porosity on lubricated 
surfaces receives brief attention.—a. D. H. 


Manufacture of High-Speed Steel Cutting Tool by New 
Method of Deposit Metal and Its Nature. T. Simomura and 
T. Kaida. (Tetsu to Hagane, 1949, 85, Apr., 115-120). [In 
Japanese]. A method of depositing from a square bar 4 x 4 
in.) on the edge of the cutting tool by oxy-acetylene burner 
gives a durability of 100-120°, compared with the normal 
tool. Another process involving welding of a forged round 
bar of high-speed steel gives a comparable figure of 80—90°,. 


The Influence of Accelerators when Phosphatizing Metals. 
E. J. Vollers. (Metalen, 1953, 8, Dec. 15, 415-418). [In 
Dutch]. The author outlines the characteristics of the 
Parkerizing and Bonderizing processes. A discussion of the 
methods of hot and cold application of manganese, iron, cad- 
mium, calcium and zine phosphates with or without nitrate, 
nitrite, or chlorate follows. Cold phosphate coating with the 
accelerators shortens the treatment time and raises the pH 
value, thus promoting good coverage, whilst oxidation of the 
soluble iron phosphate coat leads to a smooth insoluble ternary 
fine-grained coat of low porosity.—F. R. H. 

The Enamelled Iron Industry—Special Steels for Enamelling 
and Their Preparation. M. Monti. (Costruzioni Met., 1953, 
5, Sept.-Oct., 22-25 ; Nov.-Dec., 20-25). [In Italian]. The 
author discusses progress made in vitreous enamels for surface 
protection and for decorative purposes. The properties of 
steel suitable for enamelling, and methods of preparing the 
surface are described.—Rr. A. R. 

Relation of Bubble Structure of Porcelain Enamel to Fish- 
Scaling. C. G. Bergeron. (J. Amer. Ceram. Soc., 1953, 86, 
Nov., 373-376). A study was made of the relation between 
the fish-scale resistance of an enamel-steel system and the 
bubbles in the porcelain enamel. A technique is described 
for making angular cross-sections of the surface layers. 
Results indicate that the bubbles which were effective in in- 
hibiting fish-scaling were contained in the 0-001 in. layer of 
glass adjacent to the steel.—p. L. c. P. 

Blistering of Enamels Due to Gas Evolution from Cast Iron. 
E. R. Evans. (Brit. C.I. Res. Assoc., J. Res. Dev., 1953, 4, 
June, 586-589). Blistering in vitreous enamels applied to 
cast iron may in certain cases be caused by gases evolved from 
the metal. These gases, which are mainly oxides of carbon, 
are formed by reaction between graphite and surface or sub- 
surface iron oxide. Factors affecting the formation of iron 
oxide and its reaction with graphite are discussed.—n. G. B. 


The Relevance of Casting Skin to the Incidence of Blistering 
in Cast Iron Enamels. E.R. Evans. (Brit. C.I. Res. Assoc., 
J. Res. Dev., 1953, 5, Aug., 19-25). Batches of cast-iron test 
plates were made at nine foundries and each plate was partly 
surface machined. The plates were sent to six enamelling 
plants and various techniques of casting, machining, and 
enamelling were employed. The incidence of blistering on 
the machined surfaces was compared with that on corre- 
sponding as-cast surfaces to determine whether such defects 
were due to properties of the casting skin.—B. G. B. 


Temperature Cycles of Enamelled Castings During the Pro- 
cess of Enamel Fusing. E.R.Evans. (Brit.C.I. Res. Assoc., 
J. Res. Dev., 1953, 5, Oct., 78-92). The temperature cycles to 
which castings are subjected in enamel fusing furnaces were 
determined by means of a thermocouple attached to a test 
casting in the furnaces. Box muffles fired by gas, oil, coal, 
electricity, and an electric continuous furnace were considered. 
Tests were also carried out to determine the incidence of 
blistering on enamelled test plates processed in various types 
of furnaces.—B. G. B. 


Determination of Strains Between Enamel and Iron by 
Means of Split Rings. J. D. Walton, jun., and B. J. Sweo. 
(J. Amer. Ceram. Soc., 1953, 86, Oct., 335-341). A modified 
split ring test is described for measuring strains between 
porcelain enamel and iron, from room temperature to the 
softening point of the enamel. Theory is presented, and 
results for four types of enamels are given.—D. L. C. P. 
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Furnace Tools Get New Lease on Life. T. F. Moeller. 
(Porcelain Enamel Inst. : Steel, 1953, 188, Dec. 7, 139). The 
trial application of new high temperature ceramic coatings to 
enamelling furnace parts and tools is described. In one test 
tool life was doubled and scale eliminated.—D. L. c. P. 

Selecting Ceramic Coatings for Jet Engine Parts. W. C. 
Rous, jun. (Mat. Methods, 1953, 38, Dec., 116-119). The 
uses of ceramic coatings, in order to economise in scarce alloys 
without sacrificing service life, to lengthen the life of existing 
parts, and to allow the use of existing parts at higher operating 
temperatures, are outlined. The many special requirements 
which such coatings must meet are listed. Various types of 
coating are described, one or two compositions are given, and 
techniques for their application to mild steel, stainless steel, 
and non-ferrous metals are outlined. Several typical applica- 
tions are quoted.—P. M. c. 

High Temperature Protection of a Titanium Carbide Cermet. 
J.R. Wilson. (Amer. Ceram. Soc. Bull., 1953, 32, Nov., 375- 
376). A coating to protect cobalt bonded titanium carbide gas 
turbine blades of jet engines from oxidation is described. 
The coating is of chromium powder with a high silica and 
baria frit, and it has adequate adherence, thermal shock 
resistance, and creep properties.—D. L. C. P. 

Tests for Use on Vitreous Enamel Finishes. (Indust. 
Finishing, 1953, 6, Dec., 346-348). Brief outlines are given 
of tests which may be used to determine abrasive wear or 
crushing of the underlying structure ; these are the gouge, 
abrasion, reflectance, adherence (using electric probes), acid- 
resistance, thermal shock, warpage, and impact tests.—K. E. J. 

Lacquering to Obtain Brilliance and Metallic Lustre. H. H. 
Vevers and G. E. Gardam. (J. Electrodep. Tech. Soc., 1951- 
52, 28, 179-186). 

Air-Circulated Drying Oven for Printed Steel Sheets. 
(Engineering, 1953, 176, Dec. 18, 779-781). This article 
describes equipment installed at Rheem Lysaght Ltd., Bristol, 
for the decoration of flat steel and tinplate sheets before they 
are worked up into boxes or containers. The equipment com- 
prises printing, roller-coating, feeding and unloading machines 
and a continuous drying oven with forced air circulation. 

M. D. J. B. 

The Effect of Sheet Steel Quality on Vitreous Enamel Coatings. 
L. S. Heard. (Australian Inst. Metals : Australasian Eng., 
1953, Aug. 7, 43-47). The results of an investigation into the 
cause of defective vitreous enamel coatings, applied to 18 
S.W.G. mild steel sheet are presented. Large isolated blow- 
holes, numerous fine blowholes, blisters, or black accretions 
in the cover coat, and ‘ pimples’, slag-like accretions, or 
large rusted uncoated areas in the ground coat were associated 
with such features as extensive laminations, large non-metal- 
lic inclusions, rolled-in scale, high general inclusion content, 
and relatively high carbon content in the basis metal. Re- 


commendations are made as to the most suitable types of 


material, surface finish, and composition, for the sheet. 
The Human Factor in the Vitreous-Enamelling Industry. 


R. C. M. —— (Inst. Vitreous Enamellers Ltd., Bulletin, 
1953, 4, Nov. 
Chemistry of Wash Primers. H. Rosenbloom. (Indust. 


Eng. Chem., 1953, 45, Nov., 2561-2568). Many properties 
of primers are related to reduction by the alcoholic H,PO, 
solvent of chromate from the pigment. The reaction between 
the solvent and resin was studied. H,PQO, also affects film 
formation and adhesion on metals, and stability of the primer. 

Lead Cyanamide, An Anti-Rust Pigment. W. Roever. 
(Metall., 1953, 7, Nov., 876-877). The properties and appli- 
cation of the compound PbCN, are described.—J. G. w. 

How to Make Steel Last Three Times as Long. FI’. B. Shaw. 
(Machinist, 1954, 98, Feb. 13, 283-285). The uses of ceramic 
coatings, which include protection against ‘ hot spots ’ when 


metals are exposed to high temperature, and production of 


smooth surfaces offering minimum resistance to flow of hot 
gases are described. 
components and the technique used in applying the coating. 

Study of 67 Anti-Rust Paints. M. D. Bermane. (Assoc. 
Belge pour U Etude, V Essai et V Emploi des Materiaux, Commis- 
sion No. IV, Protection contre la Corrosion, 1953, Nov.). 
Preliminary results suggest that, in purified synthetic resins, 


the use of pigment mixtures of chromium or zine base, of 


basic lead sulphate or of zine powder, will give a protective 
paint at least as good as red lead and oil. Results are subject 
to confirmation.—R. P. 
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The author discusses the preparation of 


The Application of Silicones to the Treatment of Metal Sur- 
faces. F. Ohl. (Metalloberfldche, 1953, 7, Dec., A185-A188). 
The structure and composition of silicones is first explained, 
and the large number of applications to the treatments of metal 
surfaces is outlined briefly. These applications utilize the 
heat-resisting and water repelling properties of some silicones, 
and the resistance to oxidation of others, in the development 
of protective coatings. The use of silicones in spraying, 
lacquering, and polishing is described.—t. bD. H. ‘ 

Surface Preparation of Metals for Painting. Recent Deve- 
lopments in Cleaning and _—— B. F. H. Scheifele. 
(Werkstoffe Korrosion, 1954, 5, Jan., 5-10). This is a general 
review of the subject with 30 references, most of which relate 
to the painting of steel. The following costs in marks per 
square metre are quoted for various pretreatments for struc- 
tural steel, as carried out in Germany at the beginning of 
1953: Hand cleaning, 0-85-1-5; pickling (HCl), 0-4-0-7 ; 
pickling (H,SO,) 0-3-0-5; sand-blasting, 1-5-4-5; and 
flame-cleaning, 4-0-6-0; (in the last two cases according to 
the quality of finish required).—J. c. H. 


POWDER METALLURGY 


The History of the Plansee Works and Its Significance for 
Powder Metallurgy. F. Benesovsky. (Planseeberichte, 1952, 
1, Oct., 3-16). The author gives a short surve y of = »velop- 
ments le -ading to the erection of the powder metallurgy works 
and research station at Plansee (Tyrol) and describes some of 
the equipment and work in progress.—R. A. R. 

Adsorption of Gases on Metal Powders and Sintered Products. 
H. Schreiner. (Planseeberichte, 1953, 1, Dec., 130-140). The 
determinations of particle size, surface activity, and volume 
of metal powders are described, followed by a discussion of 
modern conceptions of the adsorption of gases. The methods 
used for the determination of the total gas content, the 
adsorbed and dissolved oxygen, and the chemically combined 
oxygen are described. (16 references).—R. P. , 

The Development and Properties of High-Temperature Non- 
Scaling Alloys of Titanium Carbide Base with Nickel-Cobalt 
Chromium Binders. R. Kieffer and F. Kd6lbl. (Plansee- 
berichte, 1952, i Oct., 17 -35). The authors review the litera- 
ture on these carbides and describe their own investigations on 
the properties of the WZ series of alloys containing titanium 
carbide, nickel, chromium, and cobalt. (10 references). 

Specially Designed Equipment Increases Versatility, Output 
in Producing Powder Metal Parts. P. Trippe. (Machinist, 
1953, 84, Dec. 19, 2103-2109). The equipment and tech- 
nique applied by Sintered Products Ltd., for the production 
of powder metal parts is described. The article deals mainly 
with the presses and furnaces which, in general, have been 
designed and built by the Company and incorporate such 
modifications over conventional designs as were found neces- 
sary as a result of extensive experience in — metallurgy. 


Powder Metal Applications. (Metal Ind., 1953, 88, Dec. 25, 


517-520). A general review is presented. of the many and 
varied applications of powder metallurgy in the production of 
small parts to tolerances as low as + 0-001 in. Several 


applications using iron-copper alloys and pure iron are given. 
The various uses of — nts having pronounced porosity 
are also considered.—pP. M. 

Sintered Carbides for Cuspennete. M. Petralik. (Stro- 
jirenstvi, 1953, 3, (11), 834-837). [In Czech]. The physical 
properties, wear resistance, and corrosion resistance of ¢ urrent 
types of sintered carbides are given, their applicability for the 
manufacture of various components, dies, and tools is discussed. 

Metal-Ceramic Interactions: 1, Factors Affecting Fabrication 
and Properties of Cermet Bodies. W. D. Kingery. (J. Amer. 
Ceram. Soc., 1953, 36, Nov., 362-365). The fund amentals of 
cermet fabrication and properties of cermet bodies are con- 
sidered. These include metal-ceramic reactions, surface and 
interfacial energies, constituent properties and the effect of the 
dispersed state on the properties. Strength, oxidation resist- 
ance, thermal conductivity and thermal-shock resistance are 
also considered.—D. L. C. P. 

Powdered Metals Enter Stainless Stage. W. L. Batten. 
(Steel, 1953, 188, Dee. 21, 78-81). An American patented 
process to produce homogeneous stainless steel powders is 
described, and examples of sintered metal products made 
from them are given. ‘Tables list properties of the powders 
and sintered compacts. The powder is made by directing a 
water spray, thrown out by a rotating dise, on to a thin 
stream of the molten metal.—b. L. Cc. P. 
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Super Refractories for Use in Jet Engines. W.L.Havekotte. 


(Metal Progress, 1953, 64, Dec., 67-70). Work carried out 
by Firth Stirling Inc., Pittsburgh, on cermets based on 
titanium carbide, is reviewed. The effect of temperature on 
tensile strength and rupture strength, the variation of rupture 
strength with stress, the formation of scale at high tempera- 
tures for a number of grades of cermets are considered. The 
resistance to thermal shock is good, the coefficient of thermal 
expansion is low but impact resistance is also low.—B. G. B. 

Sintered Refractory Alloys. A.Carter. (Metallurgia, 1954, 
49, Jan., 8-14). The use of metal-refractory alloys for high 
temperature service (e.g., turbine blades) is discussed. Alloys 
containing titanium carbide are considered in detail. The 
physical properties of 18 of the principal metal-refractory 
alloys are given in tabular form together with those of two 
Nimonic alloys.—B. G. B. 

The Production of Cobalt-Tungsten Alloy from Powders. 
8. Stolarz. (Prace Instytutow Ministerstwa Hutnictwa, 1953, 
5, (5), 298-302). [In Polish]. The production of a Co-W 
alloy in the form of wires 0-5 and 0-75 mm. in dia. from 
powders by mixing, pressing, sintering, hammering, and hot 
drawing is described. Their chemical composition, density, 
hardness, mechanical, properties, and microstructure were 
examined.—v. G. 

Preliminary Results on the Infiltration of Titanium Carbide 
with Cobalt. H. Blumenthal. (Powder Met. Bull., 1953, 6, 
Dec., 186-188). 

The Production of Carbide Cutting Tools by Powder Metal- 
lurgy. (Canad. Metals, 1953, 16, Dec., 46-48). A descrip- 
tion of the manufacture of carbide cutting tools by powder 
metallurgy, is given. Cobalt and carbide powders are 
pressed into shapes by hydraulic pressure and sintered in two 
stages, the first at 1100° F. and the second at 2550-2750° F. 
in a hydrogen atmosphere. After the first sintering the 
material is cut into the required shapes.—B. G. B. 


PROPERTIES AND TESTS 


Properties of Materials. R.L.Stedfeld. (Machine Design, 
1953, 25, Oct., 138-148). The factors influencing the selec- 
tion of materials at the design stage are described. The 
careful balancing of service requirements and characteristics, 
production requirements and cost, together with the difficulties 
of relating the properties to actual service conditions are 
discussed.—m. A. K. 

Analysis and Correlation of Test Data. I. W. Burr. (Metal 
Progress, 1953, 64, Oct., 112-118, 282-284). The application 
of statistical methods to the examination of test data and 
methods of sampling is discussed with particular reference to 
the iron and steel industry.—B. G. B. ; t 

Strength in Tension. R. L. Stedfeld. (Machine Design, 
1953, 25, Nov., 161-170). Some of the considerations relat- 
ing to the more effective use of tensile strength data in design 
are discussed, and a summary is given of the main tensile 
properties for representative engineering materials, It is 
shown how the variation in the condition of the material 
(e.g., cold-rolled, heat-treated) between batches and section 
size has a large influence on tensile strength.—m. A. K. 

Contribution to the Study of Diagrams Provided by the 
Chevenard Micro-Tensile Testing Machine. H. Hendus, H. 
Rohrig and G. Kraus. (Rev. Mét., 1953, 50, Dec., 844-846). 
Formule are derived which, when applied to the microtensile 
diagram, enable the time between any two points on the curve, 
the rates of loading and elongation, and the modulus of 
elasticity to be determined.—a. G. 

Yield-Stress/Strain Curves and Values of Mean Yield Stress 
of Some Commonly Rolled Materials. KR. B. Sims. (J. Iron 
Steel Inst., 1954, 177, Aug., 393-399). [This issue]. 

The Ductilometer Test. G. Piper. (Draht, German ed., 
1953, 4, Nov., 411-416). A new reverse bend test for strip 
and wire is deseribed. The test differs from the conventional 
one in the method of bending, the specimen being gripped 
along its entire length save for a short central portion which is 
bent ‘freely’ through a specified angle. The deformed 
length is approximately equal to 1-5 x diameter, and the num- 
ber of bends to fracture varies inversely with the angle of bend. 
The constant of proportionality and the (extrapolated) angle 
of bend at which the wire does not fail, are indices of the 
mechanical properties of the wire.—J. G. w. 

Study on the Flaws which Occur on the Surface of the 
Inside of Bent Steel. T. Takashima. (Tetsu to Hagane, 1950, 
36, Mar., 90-103). [In Japanese]. Flaws at the inside of 
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bent plates or bars are caused by fracture as a result of par- 
tially concentrated stress. They occur in almost every kind of 
steel, and vary according to the mechanical properties of the 
steel, temperature, grain size, and surface properties.—kK. E. J. 

Free Bending of Sheet Metal. K. H. Walter. (Forsch. 
Ingenieurwesens, 1952, 18, VDI-Ferschungsheft 435). It is 
shown that the relation between bending moment and radius 
of bend can be expressed by plotting unit bending moment, 
i.e., bending moment/(width x thickness*), against radius of 
bend/thickness, the resulting ‘ unit bending moment curve ’ 
being dependent only on the plastic properties of the material. 
This curve is claimed to be of greater practical use for bending 
than the usual stress-strain curve. The theory is applied to 
free bending of strip either by means of a punch and a V-block 
or by means of a bending machine in which one end of the 
strip is clamped and a force applied at a fixed radius from the 
edge of the clamp. Free bending avoids the use of expensive 
dies, and bending forces are reduced to about half.—xn. R. M. 


Experimental Data Relating to Schnadt’s Resilience Tests. 
R. Vancrombrugge. (Rev. Soudure, 1953, 9, (4), 207-213). 
The author sets out to prove experimentally whether a state 
of stress can be interpreted quantitatively by the results 
obtained from a notch test, and whether resilience measured 
by Schnadt tests is, in fact, a measure of principal stress. He 
examines the béhaviour of a notched test piece first under 
static, then under dynamic loading and studies the start 
and growth of cracks and the speed of deformation in relation 
to the amount of energy absorbed. He concludes that the 
velocity of the impact has a determining effect on failure 
and that it is therefore impossible to interpret resilience from 
the behaviour of a steel under static loading.—xm. D. J. B. 

The Impact Strength of Fine-Grained Mild Steel in the 
Unaged and Aged Conditions. H. Kornfeld. (Arch. Eisen- 
hiittenwesen, 1954, 25, Jan.-Feb., 61-70). Impact tests have 
been carried out at temperatures between —90 and + 100° C. 
on a variety of notched bar specimens made from fine-grained 
Bessemer and open-hearth heats. The shape of the impact- 
strength/temperature curve can be described by the formula 
K,(é) = 100[1 — exp-c(é—6°)] where K; (é) is the relative 
mean impact strength, c is a constant depending on the type 
of steel, its composition, amount of hot rolling, thickness, 
shape of specimen, @ is the temperature of the test, and 8° is 
the temperature at which the low impact strength is first 
attained.—1z. Pp. 

The Plastic Flow of Iron and Plain Carbon Steels above the 
A,;-Point. P. Feltham. (Proc. Phys. Soc., 1953, B66, Oct. 
1, 865-883). The strain rate of the steady flow of iron and 
plain carbon steels is expressed mathematically in terms of 
applied stress, temperature, latent heat of melting, and 
volume per atom. The dominant rate-controlling mechanism 
appears to be a recovery process in which disordering of 
groups of atoms is induced by stress concentrations arising from 
the accumulation of dislocations. An expresion for transient 
strain is also deduced. (31 references).—x. E. J. 

Three-Dimensional Plastic Deformation Can Be Mathematic- 
ally Solved. Z. Wusatowski. (Hutnik, 1954, 21, (1), 18-19). 
{In Polish]. The possibility of a mathematical solution of 
three dimensional plastic deformation is discussed.—v. G. 

The Behaviour of Metals under Dynamic Loading. D. S. 
Clark. (Metal Progress, 1953, 64, Nov., 67-73). The manner 
in which metals respond to stresses imposed in a short period 
of time is discussed by reference to work which has been pre- 
viously published.—z. «a. B. 

Mechanism of Fatigue in Metallic Materials—A Review of 
the Literature. B. Strém. (Jernkontorets Ann., 1954, 188, 
(1), 17-88). [In Swedish]. The literature on fatigue is 
reviewed and the theories of Dehlinger and Kochendérfer, and 
of Orowan are critically discussed. (60 references).—R. A. R. 

Alternating Stresses and Crystalline State. I[I—The Rela- 
tionship between Crystallite Deformation and Work Hardening 
or Damage. H. Moller and M. Hempel. (Arch. Lisenhiitten- 
wesen, 1954, 25, Jan.-Feb., 39-60). In continuation of pre- 
vious investigations of alternating stress and crystalline state, 
alternating bend and pulsating tensile tests have been carried 
out to ascertain whether and how far inhomogeneous crystal- 
lite deformation, as revealed by X-ray examination, indicates 
damage or work hardening of the specimen. The following 
conclusions were drawn. The ‘damage line’ coincides neither 
with the beginning nor the end of crystallite deformation 
during fatigue testing ; neither is it a limit characterized by a 
sudden change in the process of deformation. It is possible 
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to remove the deformation without healing the damage or to 
produce deformation without causing damage. Inhomo- 
geneous crystallite deformation always accompanies damage 
but the reverse is not true. No clear relationship was found 
between the amount of work hardening and crystallite defor- 
mation when samples were tested at stresses increased by 
stages. Stressing below the fatigue limit made the specimens 
more resistant to alternating stress above the limit and, since 
no inhomogeneous deformation was found, the conclusion is 
that the pre-stressing produces homogeneous deformation. 
The fatigue strength is a deformation limit between homo- 
geneous and inhomogeneous crystallite deformation. Stress- 
ing above the fatigue strength produces inhomogeneous defor- 
mations under which large portions of the crystal slip by 
bending and rotating. The crystal cannot withstand this 
indefinitely and cracks are produced. Work-hardening by 
stress increases with the magnitude and duration of the 
alternating stresses and reaches its maximum at the beginning 
of crack formation, i.e., when the damage line is crossed. The 
maximum work-hardening by stress is therefore a physical 
defination of the damage line.—1. P. 

The Origin of Slip Bands on Plastically Deformed Metallic 
Surfaces. W.Spiath. (Metalloberfldche, 1953, 7, Aug., A119- 
A121; Dec., A176-A183). In the first part the author explains 
the frequently regular ordering of slip bands on the assumption 
of the formation of high-frequency mechanical oscillations. 
By reflection in the unstable surfaces interference phenomena 
originate, giving rise to slip in neighbouring planes. The 
distance between slip bands is measured by the length of the 
supersonic waves. This theory is developed in the second 
part; the occurrence of the slip bands and their further sub- 
division into individual lamine is discussed with reference 
to two different wave systems. In the third part, the author 
tests his theory in comparison with the more usual explana- 
tions of the origin and mechanism of slip, by investigation 
of the effect of temperature on the thickness of lamelle. 
The results are claimed to verify his theory. 

The Prot Method of Study of Fatigue Under Increasing Load. 
M. Pelou. (Rev. Gén. Méc., 1953, 88, Nov., 414-415). A short 
account of the results obtained during a systematic study of 
this method of fatigue testing now used at the University of 
Illinois is given. Results obtained by the Prot method are 
also compared with constant load methods.—k. G. B. 

Fatigue Strength of Fillet Welds. (B.W.K., 1954, 6, Jan., 
22-24). Results of fatigue tests carried out on rectangular 
steel beams, welded from two straight pieces in four different 
ways, are given.—P. F. 

Measurement of the Fatigue Strength of Various Types of 
Cast Iron, and Some Relationships Derived from Them. A. 
Vetiska. (Slévdrenstvi, 1953, 1, (9), 241-245). [In Czech]. 
The hysteresis and fatigue strength of grey, malleable, and 
nodular graphite cast irons were measured on (0-56 in. in dia. 
rods (24 in. gauge length) in torsion. The fatigue strength 
was in each case directly proportional to the angle between 
the axis of the hysteresis loop and the shear strain axis, in 
the shear-stress/shear-strain diagram for a cycle. The fatigue 
limits for the three irons were 3-1, 6-7, and 9-7 tons/sq. in. 
respectively.—P. F. 

Where Shot Peening Can be Used to Advantage. J. L. 
Everhart. (Mat. Methods, 1953, 38, Oct., 110-113). The 
following applications of shot peening are briefly described ; 
Improvement of fatigue life, straightening of shafts, and 
forming of panels by peening selected areas, decreasing sus- 
ceptibility to stress corrosion cracking, closing up of slight 
porosity in aluminium die castings, and quality testing of 
plating.—P. M. Cc. 

The Influence of Surface Rolling on the Fatigue Strength of 
Cast Iron. G. N. J. Gilbert and K. B. Palmer. (Brit. Cl. 
Res. Assoc., J. Res. Dev., 1953, 5, Oct., 71-77). Fatigue 
specimens with a 45° notch with a root radius of 0-25 mm. 
were surface rolled between hardened steel rollers held in a 
frame. A moderate pressure (79 lb.) which did not change 
the notch dimensions was found to give the best results. The 
fatigue strength of a pearlitic flake-graphite cast iron cal- 
culated on a basis of 20 million reversals of stress was increased 
by 20°4. The most significant effect of surface rolling was 
the very great increase in life obtained at stresses above the 
fatigue limit.—B. G. B. 

The Fatigue Properties of Nodular Cast Iron. K. B. Palmer 
and G. N. J. Gilbert. (Brit. CI. Res. Assoc., J. Res. Dev., 
1953, 5, Aug., 2-14). The fatigue properties and other 
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mechanical properties of three series of nodular irons with 
varying silicon contents, but different basic compositions have 
been investigated. Tests have been carried out on both as- 
cast pearlitic and heat-treated ferritic irons. Twenty-one 
different irons were examined. The results obtained are 
discussed in detail.—nk. G. B. 

Fatigue Properties of Cast Iron. G. N. J. Gilbert. (Brit. 
C.I. Res. Assoc., J. Res. Dev., 1953, 5, Dec., 94-108). Orowan’s 
theory of fatigue is reviewed with the object of presenting a 
picture of the mechanism of reversed bending fatigue. The 
fatigue properties of cast iron are considered in the light of 
published results. (13 references).—B. G. B. 

The Brinell Hardness Test and Its Function in Controlling 
the Quality of Cast Iron. ©. Kalata and J. Wozdniacki. 
(Przeglad Odlewnictwa, 1953, 3, (12), 347-350). [In Polish). 
Brinell, Rockwell, and Vickers hardness tests on grey cast 
irons and the relationship between hardness and other proper- 
ties of castings are discussed. It is concluded that : (1) only 
the Brinell tests using 5 and 10 mm. dia. balls are suitable for 
testing grey iron castings ; (2) in general, Brinell hardness 
cannot be used as a measure of other properties of castings; 
(3) Brinell hardness can be used for the control of castings 
from the same melt, for the selection of cast parts of machinery 
to resist abrasion and for controlling the uniformity of mass- 
produced grey iron castings.—v. G. ; 

Anomalies in the Microhardness Field. A. Braun. (Schweiz. 
Arch. Wiss. Techn., 1953, 19, Mar., 67-78). Theoretical con- 
siderations, supported by hardness tests with a pyramid 
indenter covering a wide range of loads, led to relations bet ween 
hardness and tensile tests, hardness being related to rupture 
strength or yield stress, and the deformation during hardness 
tests to elongation in tensile tests. Hardness tests under 
heavy loads can yield information not available from tensile 
tests. A clear relationship was also found between the 
structure of the metal and the curve of variation of hardness 
with load.—n. R. M. 

Problems of Hardness Testing of Thin Sheet Metals. E. B. 
Bergsman. (Sheet and Strip Metal Users’ Techn. Assoc.: 
Sheet Metal Ind., 1954, 81, Jan., 5-14, 18). The author deals 
essentially with the practical questions relating to the conduct 
of microhardness tests, and in particular with tests on thin 
sheet and foil. Preparation and mounting of specimens, 
making the impression, measurement of the enpaension. tend 
dependence of the hardness number, and the significance of 
microtesting for hardness testing in general are all discussed 
in detail. Many reasons are given for adopting the Vickers 
indentation as the reference method. (37 references).—p.M.c. 

Hardenability and Mechanical Properties of Alloyed Struc- 
tural Steels. K. Bungardt, H. Kiessler and E. Kunze. 
(Stahl u. Eisen, 1954, 74, Jan. 14, 71-76). The relationship 
between hardenability and strength was investigated on 
several heat-treated low alloy steels (containing manganese 
and chromium ; chromium and molybdenum ; manganese, 
and vanadium ; chromium, nickel and molybdenum : chrom- 
ium, molybdenum, and vanadium). Contrary to the view 
frequently expressed in American literature that the tough- 
ness of steels tempered from the fully martensitic state to the 
same tensile strength is practically independent of the nature 
of the alloying additions, the present research showed that 
chemical composition cannot be neglected. Reasons for this 
difference are discussed.—J. P. 

Transition Temperatures and Ageing Characteristics of 
Titanium-Stabilized Mild Steels. A. Josefsson and B. Nelson. 
(Jernkontorets Ann., 1953, 187, (10), 725-743). In Swedish]. 
Tests on unalloyed low-carbon steels subjected to the Charpy 
test after strain-ageing showed the transition temperatures to 
range between 15 and +50° C. in the ease of relatively large 
grain sizes (J.K.M. 15-16). The influence of different heat- 
treatments on grain size in the g-phase, and thus on cooling 
rates for temperatures below 700° C., was also studied. 

Influence of Deformation Rate and Temperature on the 
Work-Hardening of Armco Iron. H. Hendus and H. Roéhrig. 
(Re v. Meét., 1953, 50, Dec., 833 838). Microtensile tests have 
been effected on Armco iron specimens at various rates in the 
temperature range 20° to 100°C. The influence of thermal 
treatment and grain size has also been studied. For a given 
temperature there is a critical speed of deformation for which 
work hardening is at a maximum. The results support the 
Cottrell mechanism for the plastic deformation of iron.—a. «. 

Influence of Ageing at 80°C. on the Mechanical Properties of 
Armco Iron and a 0-16°,, C Steel. 9H. Hendus and H. Rohrig, 
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(Rev. Mét., 1953, 50, Dec., 839-843). The variation of hard- 
ness, elastic limit, tensile strength, and work hardening with 
ageing at 80° C. has been studied. The relationship of these 
properties to the rate of precipitation has been determined by 
conductivity measurements. Only work hardening varies 
directly with the precipitation rate.—a. a. 

The Transition Zone of Resilience in Mild Steels. J. Ulmo. 
F. Bastenaire and R. Borione. (Rev. Mét., 1953, 50, Dec., 
868-887). <A statistical study of resilience and lateral con- 
traction at the base of a notch at different temperatures has 
revealed the presence of two types of rupture co-existing in the 
transition zone. The proportion of specimens undergoing 
non-brittle fracture increases with temperature acccording to 
the integral of the Gaussian curve. The results enable the 
extent and position of the transition zone to be determined. 

A Quantitative Study of the Wear Process. E. Rabinowicz. 
(Proc. Phys. Soc., 1953, B66, Nov. 1, 929-936). Experiments 
on wear between copper and mild steel showed that the varia- 
tion under load of the size of the largest metallic junctions, 
and of the largest wear particles was much less than the load 
variation, approximately according to the power of 0-3. 

Sulphurized Surfaces Resist Wear and Seizure. 3B. Jousset. 
(Metal Progress, 1954, 65, Jan., 76-80). Improvement of the 
resistance to wear of cast iron and steel engine parts by heat- 
treatment in a special salt bath which increases considerably 
the sulphur content of the surface, is described. The pene- 
tration of the sulphur is usually between 0-006 and 0-012 in. 
Details of a method of wear-testing are given.—R. G. B. 

Resistance to Wear of Phosphorus-Bearing Pearlitic Cast 
Irons. V. B. Lyadskii. (Litetnoe Proizvodstvo, 1953, (8), 
16-17). [In Russian]. The results are presented of labora- 
tory comparative tests on the resistance to wear under various 
frictional conditions of three phosphoric and one low-phos- 
phorus cast irons, and a carbon steel. Tests were carried out 
with and without lubrication. The resistance to wear of the 
pearlitic phosphoric iron was considerably greater than that of 
the pearlitic alloyed (2-19°% Ni, 0-03°, Cr) cast iron. Highest 
resistance was shown by a pearlitic phosphoric iron with 
lamellar pearlite and dendritic phosphide eutectic, and the 
resistance without lubrication of such irons was greater than 
that of carbon steel.—s. kK. 

Cylinder Liner Design. (Automobile Eng., 1953, 48, Sept., 
373-378 ; Oct., 427-439). The problem of wear in internal 
combustion engine cylinders is discussed, and causes of wear 
are considered in detail under the headings excessive piston 
ring pressure, metal-to-metal contact, unsuitable cylinder and 
ring materials, defective lubrication, corrosion, abrasive 
particles in the air or oil, detonation, excessively high tem- 
peratures, high spots, and distortion. The mechanical aspects 
of linear design are discussed in Part 2. Compositions, proper- 
ties, and applications of several types of cast irons are given, 
and the performance of chromium plated liners is discussed. 
Some liner and block arrangements are discussed and illus- 
trated for different engines.—P. M. Cc. 

The Structure of Surfaces and the Mechanism of Friction. 
J.W.Menter. (J. Boham. Met. Soc., 1953, 38, Sept., 97-118). 
A general review is given of modern theories of friction and 
lubrication, together with details of the experiments and re- 
sults which have contributed to present views. Many of the 
data and figures are drawn from the well known monograph 
‘“The Friction and Lubrication of Solids” by Bowden and 
Tabor, with whom the author is associated.—p. M. c. 

Determination of Magnetic Anisotropy. L. Kozlowski, M. 
Poziomska, and E. Romer. (Prace Instytutow Ministerstwa 
Hutnictwa, 1953, 5, (5), 277-284). [In Polish]. Methods of 
determining magnetic anisotropy of strips and sheets of ferro- 
magnetic materials are reviewed. Operating principles and a 
description of the apparatus, designed and built in the 
Institute of Metallurgy, for determining the magnetic aniso- 
tropy of strips and sheets are given. Using this apparatus, 
the torque diagrams for discs made of silicon cold rolled strips, 
previously submitted to various heat-treatments, were plotted, 
and the type of crystalline structure was established. The 
range of application, sensitivity, and accuracy of the mag- 
netometer are given.—vV. G. 

Production of Silicon Steel Sheets of a High Initial Perme- 
ability. M. Markuszewicz and A. Zawada. (Prace Instytutow 
Ministerstwa Hutnictwa, 1953, 5, (5), 259-275). [In Polish]. 
The required properties of silicon steel sheets for use in tele- 
communications and the effect of metallurgical and structural 
factors on the magnetic permeability in fields of low intensity 
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are discussed. Hot-rolled sheets 0-35 mm. thick and cold- 
rolled strips 0-35 and 0-1 mm. thick, obtained from 12 melts 
(Si 2-2-4-4%,) were investigated. Annealing for 4 hr. at 
temperatures below 1000° C. has no noticeable effect on the 
permeability at 20 mOe. (micro-Oersted) irrespective of silicon 
content, the technique employed (hot or cold working), or the 
annealing atmosphere. Only after longer annealing at 650° C. 
(up to 24 hr.) in the presence of scale has an increase in [9 
been observed. The refining action of dry and _ purified 
hydrogen is marked at temperature above 1000° C. so that by 
operating at a suitable annealin,: temperature it is possible to 
obtain sheets 0-35 mm. and 0-1 mm. thick of A2, A3, C2 and 
C3 grades and sheets 0-1 mm. thick of Al grade (German 
Standard DIN 41301). The magnetic permeability at 100 
mOe. is less sensitive to impurities and increases when 
annealing in hydrogen at lower temperatures. The rate of 
increase in 9499 is initially very small (at 600° C.) but attains a 
maximum between 900° and 1100°C., after which it diminishes 
again with a simultaneous rapid increase of 19, due to the 
refining action of hydrogen. By a suitable choice of the 
number of sheets annealed, for instance at 600° and 1200° C., 
cores of a given permeability (7.e., corresponding to grades Al 
and A2) can be obtained. Stress-relief annealing the cold- 
rolled material at 650°C. does not completely restore the 
initial properties, hence it is necessary to make cuttings out 
of hard strips (after rolling) and submit them to the refining 
heat-treatment. The results showed that silicon steels com- 
plying with DIN 41301 can be produced without resorting to 
vacuum-melting.—v. G. 

Comparative Influence of Tensile and Compressive Forces on 
the Magnetic Characteristics of Mild Steels. G. Vidal and P. 
Lanusse. (Compt. Rend., 1953, 287, Oct. 19, 902-904). The 
effects of tension and compression have been studied, at differ- 
ent values of inductive field, on a mild steel (C0-1°). In 
moderate fields, tensile stresses give a peak in the induction, 
whilst compression continuously and greatly diminishes in- 
duction. These effects are reversed in high intensity fields. 

The Electrical Resistivity of Cast Iron. K. B. Palmer. 
(Brit. C.I. Res. Assoc., J. Res. Dev., 1953, 4, June, 571-585). 
A summary of the literature on electrical resistivity is first 
presented. The results of resistivity measurements on a wide 
range of cast irons, in bar form, are given and discussed. 

The Ultrasonic Control of Welds. (Usine Nouvelle, 1953, 
9, Dec. 10, 58). Improved equipment is described employing 
two inclined transducers an exact number of reflections 
apart on the surface of the metal part. Trials with this 
apparatus show that it can detect common weld defects 
quickly and positively and also indicate the nature of the 
flaw. For weld thicknesses of 20 mm. and above, the method 
is superior to X-rays and requires far less equipment.—-a. G. 

The Use of Ultrasonics for the Inspection of Welds. G. A. 
Homes and J. van Leemput. (Rev. Soudure, 1953, 9, (4), 
214-225). [In French]. The authors describe the latest 
developments in Belgium on the use of ultrasonics for the 
detection of faults in welds. The practical application of 
ultrasonics for the inspection of oxy-acetylene, electrical 
resistance and are welds are discussed together with the 
effects of variables such as surface defects, thickness, rolling 
faults, and inclusions.—xm. D. J. B. 

Gamma Radiography. P. Trippe. (Machinist, 1954, 98, 
Feb. 13, 265-269). The availability of radioactive isotopes 
offers interesting possibilities for industrial radiography. 
Parts can be inspected panoramically, and it is possible to 
make inspections at a considerable distance from the container 
holding the source. It is claimed that gamma radiography has 
a number of advantages over normal X-ray techniques. 
Some of the equipment available is described.—m. A. k. 

Review of Present-Day Steelfoundry Radiographic Practice. 
G. M. Michie. (Inst. Brit. Foundrymen : Engineer Foundry- 
men, 1953, 18, June, 77, 79, 81-83). Steelfoundry radio- 
graphic is discussed with reference to the use of both X-rays 
and y-rays. The aspects considered include X-ray apparatus, 
y-ray sources, radiographic techniques, safety precautions, 
the interpretation of radiographs, and the application of 
radiography.—B. Cc. w. 

Non-Destructive Electronic Sorting of Metals by their 
Physical Properties. F. Forster. (Schweiz. Arch. Wiss. 
Techn., 1953, 19, Feb., 57-66). An inductive r. 2thod is 
described for sorting products which approximate to long 
cylinders (e.g., rods, wires, needles, pins, screws) or spheres 
(e.g., Short bolts, bearing rollers, nuts, rings). Two instru- 
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ments based on this principle are described, the Sigmaflux 
which indicates on a meter, and the Multitest which records 
on a cathode-ray tube. Small changes of size, conductivity, 
and permeability can be detected and distinguiskted from one 
another.—H. R. M. 

Detection of Cracks. (ESAB Revue, 1953, (1), 1-6). [In 
French]. Four magnetic detectors for the location of faults 
in magnetic materials are described.—R. P. 

Conductivity—Now a Useful Nondestructive Testing Tool. 
H. N. Staats. (Mat. Methods, 1953, 38, Oct., 124-126). An 
electronic conductivity meter, first developed in Germany, 
has now been made available in the U.S.A. by the Magnaflux 
Corp. The instrument is based on the theory of inducing 
H.F. eddy currents in the metal, and detecting the effect of 
this current on the single hand-held probe. Applications of 
the instrument are described, and include the sorting of non- 
ferrous metals and alloys, the identification of unknown 
metals (by their absolute conductivity), the — of 
hardness, and the checking of heat-treatment.—P. M. 

Apparatus - the Measurement of the Thermal Conductivity 
of Solids. J. L. Weeks and R. L. Seifert. (Rev. Sci. Instru- 
ments, 1953, of: Nov., 1054-1057). The sample to be tested, 
at 40-100° C. lies between two Armco iron reference rods, the 
temperature gradient of which is measured by imbedded 
thermocouples. That of the sample is obtained by surface 
measurement at two points. Advantages of the method are : 
The sample can be small ; embedded thermocouples are not 
used, an accuracy of + 3°, is obtained; and the sample can 
be introduced and removed by remote control if required. 

Steel Below Zero. O. A. Battista. (Steelways, 1953, 9, 
Dec., 28-31). The author reviews the effect of sub-zero 
temperatures on the properties of metals and indicates some 
developments arising from cryogenics. The temperatures 
at which steels become brittle may be lowered by controlling 
the nitrogen content and this has led to the production of a 
steel which remains ductile at as low as — 100° F. An extremely 
hard stainless steel can be produced by working at controlled 
temperatures after hardening by immersion in liquid nitrogen. 
Extreme uniformity of hardness is also achieved by such 

‘deep-freezing ’. A brief survey of the history of low tem- 
perature research is made.—t. E. w. 

The Effect of Low Temperatures on the Plasticity of Steels 
Used in Structural Work. A.Chagneau. (Ossature Metallique, 
1953, 18, Nov., 577-580). The author examines the changes 
in tensile, resilience, fatigue and hardness properties of metals 
and alloys brought about by low temperatures. <A_ brief 
account is given of MacAdam’s theory which deals with this. 
The impact test is a means of measuring this effect.—M. D. J. B. 

American Developments in Alloys for _— Temperatures. 
C. L. Clark. (Metal Progress, 1954, 65, Jan., 72-76). Recent 
developments in America of low-alloy, high-chromium (12°,) 
and high-alloy steels for use at high temperatures are dis- 
cussed in relation to those available in other countries— 
principally Great Britain.—n. G. B. 

Fit to Heat: Cast Alloys. (Steel, 1953, 188, Dec. 7, 208-209). 
The types of Cr—Ni-Fe cast alloys as classified by the U.S. 
Alloy Casting Institute are described, with particular reference 
to their heat and corrosion resistance.—D. L. C. P. 

The Strength of Heat-Resisting Steels after Prolonged 
Loading. H. Holdt. (Schweiz. Arch. Wiss. Techn., 1953, 19, 
Apr., 99-105). Although, for many steels, creep tests carried 
out for 1000 hr. allow conclusions to be drawn about the 
behaviour to be expected for a period of several years, for 
other steels, prolonged tensile loading at high temperatures 
causes changes of structure which lead to brittle fractures 
after periods exceeding 1000 hr. Bending stresses cause less 
creep deformation because of the support received from 
neighbouring less stressed, fibres, and brittle fractures do not 
occur.—H. R. M. 

Metallic Materials for a Steam Power Plant Operating at 
1180° F. H. Buchholtz, W. Ruttmann and RK. Schinn. 
(Metal Progress, 1954, 65, Jan., 116-120, 180-190). The 
materials used for the high-temperature (steam at 610° C.) 
power station at Lev erkusen are discussed. See ‘‘ Materials 
for Boiler and Pipe Lines” J. Jron Steel Inst., 1954, 177, 
June, 276. 

On Steels Withstanding Temperatures Above 450°C. G. 
Vidal. (Chal. et Ind., 1953, 84, Nov., 305-314 ; Dec., 350- 
356). The properties required of refractory alloys namely, 
creep resistance, structural stability, oxidation resistance, 
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abrasion resistance, and hot fatigue strength are discussed and 
methods of improving them considered.—a. a. 

Creep of Steel Wires under Pulsating Stresses. R. Zinsser. 
(Stahl u. Eisen, 1954, 74, Jan. 28, 145-151). The creep be- 
haviour of steel containing 0-39-0-76°, carbon in the form 
of patented, drawn or heat-treated wires, 3 mm. in dia., under 
pulsating stress has been examined over periods up to 100 hr., 
and in some instances up to 1000 hr. The amount of pre- 
stress was 55°, of the tensile strength and the additional 
pulsating stress was 5°, of the pre-stress at a frequency of 
1 cycle/sec. The extension of the patented drawn wires was 
a linear function of the logarithm of time ; the heat-treated 
wires (quenched in oil from 900° C. and annealed in lead at 
500° C.) showed hardly any creep. No correlation was found 
between creep rate and carbon content. Altering the amount 
of pre-stress or elimination of the pulsating stress changed 
the rate of creep, but the log ¢ law still held in each case. 
There was little difference between the static and dynamic 
creep rates.—J. P. 

Simplification and Some Potentialities of High Strength 
Heat Resisting Alloys. J. B. Meierdirks, jun. (Reg. Tech. 
Meet. Amer. Iron Steel Inst., 1952, 425-455). The author 
reviews the available high-strength heat-resisting allovs from 
the viewpoint of chemical composition, discussing the signi- 
ficance of the different alloying elements. Problems asso- 
ciated with their production are outlined, and some of their 
future commercial potentialities are discussed. Composition 
charts are shown representing a suitable classification of the 
alloys, with their elements grouped according to structure, 
and general composition types are defined. Possible varia- 
tions and restrictions in composition are indicated.—c. Fr. 

Creep Correlations of Metals at Elevated Temperatures. O. D. 
Sherby, R. L. Orr, and J. E. Dorn. (Trans. Amer. Inst. Min. 
Met. Eng., 1954, 200; J. Met., 1954, 6, Jan., 71-80). The 
authors review creep data of various metals already reported 
in the literature in order to test the general validity of equa- 
tions successfully applied to the creep of aluminium. ‘The 
correlations are also applicable to data for iron, nickel, copper, 
zine, platinum, gold, lead, and some simple alloys. For a 
given metal, the activation energy is constant and approxi- 
mately equal to the activation energy for self-diffusion.—c. F. 

The High Temperature Tension Test of the Miscellaneous 
Steel Bars. M. Maeda, Z. Yoshikawa and T. Ota. (Tetsu to 
Hagane, 1950, 36, Apr., 151-157). [In Japanese Results 
are given for low carbon, silicon, stainless and Cr—Mn steels at 
temperatures up to 1450°C, Elongations show that S800- 
1250° C. is the appropriate range for rolling or forging. 
Difficulties in the range 1900-1150° C. for Cr—Mn steels were 
also indicated, the tensile strength being high.—kx. kr. J. 

Internal Friction of Materials—Criterion for Steel and Tur- 
bine Blade Quality. J. Vodsed’alek. (Strojirenste ft, 1953, 3, 
(11), 824-833). [In Czech]. The nature and significance of 
damping capacity in determining the suitability of steels for 
turbine blade manufacture are discussed and the theory of 
internal friction is considered in relation to the various sources 
of damping. The principles of damping capacity measure- 
ments are surveyed and the apparatus used by the author is 
described, the results for (1) austenitic chromium, and (2) 
chromium-nickel steels, and (3) pearlitic chromium-molyb- 
denum-vanadium heat-resisting steels, being given: Ty pe (2) 
steels are considered best for turbine blades.—p. Fr. 

Influence of Oxygen on the Properties of Iron and Steel (I). 
T. Saito. (Tetsu to Hagane, 1950, 36, Mar., 108-113). [In 
Japanese]. Steels rarely contain the equilibrium amount of 
oxygen, and the grain size and hardenability of samples with 
varying oxygen contents were determined. High oxygen 
contents promote grain growth, abnormal structures, and low 
hardenability. Low oxygen contents given good hardenability, 
irrespective of grain characteristics. Whether the results 
quoted depend only on oxygen is not known, but it is clear 
that oxidation of the molten bath must be prevented.—k. E. J. 


Some Aspects of Vacuum-Melted Metal. J. H. Moore. 
(Metal Progress, 1953, 64, Oct., 103-105). The effect which 
vacuum-melting has on the properties of metals is considered. 
The reduction of the gas content in steels has improved the 
fatigue and rupture strengths considerably.—ns. a. B. 

Wide Research Spurs Interest in Rare Earths for Steel, Iron. 
(Iron Age, 1953, 172, Nov. 5, 194-204). The use of rare earths 
as an addition to improve the hot workability of stainless and 
heat-resisting steels is surveyed. It is also claimed that 
there is sulphur removal, better fluidity, and an improvement 
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in impact strength. The effects on cast and ductile irons 
as well as cast and carbon steels are discussed. Ductile irons 
with nodular graphite can be ensured even though tramp 
materials are present and the increased low temperature 
impact strength of cast steels can have important applications. 


Developments in German Constructional Steels to Conserve 
Scarce Alloys. F.W.Bruhl. (Metal Progress, 1954, 65, Jan., 
97-100). The dev elopment of alloyed case- hardening and 
heat-treatable steels in Germany is surveyed and comparisons 
are made with American practice.—B. G. B. 


Study on the Tool Steel for Hot Working. S. Koshiba and 


S. Nagashima. (Tetsu to Hagane, 1949, 35, Apr., 110-114 ; 
June, 173-176; July, 211-214; 1950, 36, Mar., 104-107 ; 


gy 147-151). [In Japanese]. Experiments were made 
“DC” steel (Hitachi, Ltd.) containing 0-2-0-3% C, 2-0- 
2: "5% Cr, 9-11% W and 0-3-0:5% V. As carbon content 
is increased, the self- hardening property, and quenching, 
tempering, and hot hardnesses increase, but impact values in 
the range 20-750° C. decrease. Inv estigations showed that 
the optimum amount of chromium was 2-3% for a steel con- 
taining C 0-25-0-30%, W9-11% and V0-3%, and that 
6-8°% W was suitable for a hot-work steel containing 0-26- 
0-33% C, 2-5% Cr, and 0-3% vanadium. Cobalt improves 
tool steels for hot working by increasing the resistance to 
temper softening and the high-temperature properties. Man- 
ganese has little effect on the mechanical properties, but tends 
to decrease the oxidation resistance at high temperatures. 


Study on Die Block Steel. F. Abe and T. Saito. (Tetsu to 
Hagane, 1950, 86, Apr., 157-163). [In Japanese]. To satisfy 
requirements of strength, wear resistance, and machinability, 
Ni-Cr—Mo steel was found superior to Cr-Mo, Cr-Mn and 
Cr-V steels.—k. E. J. 

New Chromium Steels for Cast Counter-sinking Tools. A. 
Roos. (Génie Civil, 1954, 181, Jan. 15, 31-33). The desirable 
properties of an alloy for making cast tools are outlined and 
the réle of martensite and temper stability is discussed. The 
influence of various alloying elements, casting, and thermal 
treatments has been studied dilatometrically. Low chrom- 
ium steels give cast tools of high cutting efficiency with a 
great saving in tungsten and machining costs.—a. G. 


Results of Statistical Study of The Mechanical Characteristics 
of A387 and A42 Steels. H. Herbiet and L. Dor. (Ossature 
Métallique, 1954, 19, Feb., 93-105). An account is given of a 
conference held under the auspices of C.E.C.M. (Commission 
pour l’Etude de la Construction Métallique). The first paper 
describes a study of the elastic limit of A37 and A42 steels 
and relates the values of this limit to metallurgical practices in 
Belgian Steelworks and to the mechanical properties of the 
steels. The second paper describes the statistical methods 
employed, sampling techniques, and computations.—m. D. J. B. 


The Effect of Plastic Yield in Bending on Mild Steel Plate 
Girders. A. Lazard. (J. Inst. Structural Eng., 1954, 82, 
Feb., 49-66). The author introduces briefly the theory of 
plastic yield in bending of plate web beams in mild steel. 
Statically determinate beams (progressive increase in loading) 
are dealt with in some detail. With plain joists and welded 
beams, plastic failure occurs as theoretically described when 
precautions are taken against buckling, twisting, or lateral 
deflection. There is no difference between progressive increase 
of loading and fluctuating, repeated, alternating or oscillating 
loadings ; in any of these cases the ultimate bending moment 
is generally higher than predicted.—t. k. w. 

Critical Design Factors for High Strength Steel. N. J. Wells 
and M.V. Ward. (Machine Design, 1953, 25, Oct., 149-157). 
This paper is based on investigations carried out at Lockheed 
Aircraft Co. (U.S8.A.) into the use of standard materials at in- 
creased strength levels. The tensile strength of a Cr-Ni-Mo 
steel was raised to about 280,000 lb./sq. in. by heat-treatment, 
producing a 23°, saving in weight over conventional materials 
of similar strength. The mechanical, impact and fatigue 
properties of this steel are discussed.—m. A. kK. 

Stainless Steels. I. D. G. Berwick. (B.C. Professional 
Engineer, 1953, 4, Aug., 18-21). The author discusses the 
development of stainless steels since Brearley’s discoveries. 
The main characteristics of hardenable and non-hardenable 
chromium steels, austenitic, stabilized austenitic, and modi- 
fied austenitic steels are reviewed, and photomicrographs 
are included. The Amer. Iron and Steel Inst., standard 
type numbers, chemical compositions, limits and ranges of 
the common stainless steels are tabulated. The author 
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indicates recent developments in the steel industry and dis- 
cusses briefly the factors affecting corrosion resistance. 

Contribution to the Question of Hereditary Properties of 
Metals with Special Reference to Hematite Irons. V. Zednik. 
(Slévdrenstvi, 1953, 1, (8), 198-210). [In Czech]. The nature, 
origin, and stability of some properties of ores and metals, 
particularly cast irons, associated with the characteristics of 
impurities in the raw materials used, are examined. The 
influence of the method of production on the degree to which 
the characteristics are inherited and their influence on grain 
size and graphitization in pig iron is discussed. Experimental 
results obtained by micrography and fractography on once 
and twice cupola-melted pig iron and on three types of i irons 
twice remelted in the laboratory H.F. furnace, are given. 
The structures are shown in about 80 micrographs and 
fractographs.—P. F. 

Properties of Inoculated Cast Irons at Elevated Temperatures. 
E. KaSpar. (Slévdrenstvi, 1953, 1, (10), 265-266). [In Czech]. 
The expansion-contraction characteristics of inoculated cast 
iron, used in the manufacture of fittings, was studied by means 
of a differential recording dilatometer in the range 0-1000° ¢ 
Rods 25 in. long having a bending strength of 3-5 tons/sq. in. 
were used. Inoculated cast irons expand much less than 
ordinary cast irons in the transition region 600—800° C., owing 
to the absence of graphitization.—pP. F. 

Cast Iron Brake Drums. E. C. Toghill and H. T. Angus. 
(Automobile Eng., 1953, 48, Oct., 409-418). The requirements 
a brake drum material are listed, and the major problem of 
heat dissipation without deterioration is discussed. The suc- 
cess achieved in recent years with grey cast irons is reviewed. 
The properties, structure, and performance of cast irons are 
described, and the theory of ‘ thermal checking ’ (heat crack- 
ing) is outlined. Brake drum design is discussed and several 
examples with illustrations are given.—P. Mm. c. 

Proposal for an International Classification of Methods of 
Testing Cast Iron. J. Foulon. (Fond. Ital., 1953, 2, Dec., 
689-694). The author suggests that international agreement 
should now be obtained on the methods of testing cast irons. 
A review is given of the characteristics of test procedures and 
specimens in the U.S.A., France, Germany, Great Britain, 
Norway, Sweden, Switzerland, and Italy.—w. p. J. B. 

Comprehensive Mechanical Tests on an Acicular Cast Iron. 
K. B. Palmer. (Brit. C.I. Res. Assoc., J. Res. Dev., 1953, 5, 
Dec., 109-117). A report is presented of the results of a 
range of tests carried out on a typical 30-ton tensile acicular 
cast iron. The tests include tensile (on plain, notched and 
grooved bars), hardness, impact, shear, torsion, damping 
capacity, compression, fatigue, electrical resistivity, density, 
and thermal expansion.—B. G. B. 

A Relationship of Microstructure to the Mechanical Proper- 
ties of White Irons. W.J. Williams. (Brit. C.J. Res. Assoc., 
J. Res. Dev., 1953, 5, Dee., 132-134). The wide scatter of 
results of tests on the mechanical properties of white iron 
from the same cast is shown to be due to differences in the 
microstructures.—B. G. B. 

Special Irons. G. Delbourg. (Usine Nouvelle, 1953, 9, 
Nov. 19, 25-29). Extracts are given from a recent book by 
Bader and Godot which is in two parts. The first contains 
theoretical generalities on the distribution of graphite, solidifi- 

cation of irons, and the austenite transformation. Part II 
has a table classifying irons as a function of their constituents 
and form of graphite. The alloying additions, properties, 
and uses of special irons are discussed together with methods 
of heat-treatment, and furnaces suitable for them. A series 
of microphotographs give the characteristic structures of 
various special irons.—a. G. 


METALLOGRAPHY 


Rapid Polishing of Cast Iron Microsections. E. J. Nielsen. 
(Arch. Eisenhiittenwesen, 1954, 25, Jan.-Feb., 89-92). An 
alternative polishing proc edure has been dev elope od for making 
microsections of cast iron or low-carbon steels with non- 
metallic inclusions. The specimen is subjected to a series of 
short mechanical and electrolytic polishings which remove 
the deformed surface layers and prevent smearing of the 
inclusions.—J. P. 

Grain-Size Charts for Ferritic and Austenitic Structures. T. 
Berglund. (Jernkontorets Ann., 1953, 187, (11), 767-784). 
{In Swedish]. Based on Jernkontoret’ 8 amie of grain 
classification, three new grain-size charts have been drawn up 
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for ferrite, low-carbon steel, and austenite. They represent 
the leading grain sizes J.K.M. 10-13 (x 100). The relation- 
ship between the J.K.M. and A.S.T.M. grain-size classifications 
for steels and copper-base alloys is discussed.—e. G. K. 

Investigation of the Crystallization of Nickel-Carbon Alloys 
and of Cast Iron. E. Scheil. (Arch. Lisenhiittenwesen, 1953, 
25, Jan.-Feb., 71-76). Experiments have been carried out on 
nickel-carbon alloys, which can be regarded as a model for 
cast iron, in order to clarify the crystallization of the latter 
metal. It was first shown that graphite crystallizes directly 
from these alloys and not, as Morrogh has concluded, by de- 
composition of a carbide. It was therefore necessary to test 
the assumption of an indirect formation of graphite by cry- 
stallization of the under-cooled graphite eutectic. Although 
not proved conclusively, there was much evidence of a direct 
graphite formation. The well-known effect of over-heating 
on cast iron was also observed with nickel—carbon alloys, which 
makes the assumption of a silicate suspension improbable, 
but the undercooling followed a temperature rise. This 
temperature rise was eliminated by addition of magnesium in 
amounts insufficient to induce spheroidization of the graphite. 

Production of Oriented Single-Crystal Silicon Iron Sheet. 
Cc. G. Dunn and G. C. Nonken. (Metal Progress, 1953, 64, 
Dec., 71-75). Three different methods are described for 
producing a large orientated single crystal of silicon iron from 
a polycrystalline sheet by recrystallization. A band or plate 
of commercial silicon iron 0-10 in. thick that has been hot 
rolled from silicon-iron ingots is used as the starting material. 
Details of the preliminary rolling and heat-treatment of the 
sheet are given. The selection and method of re-orientating a 
seed crystal at one end of the sheet is described and the design 
of a suitable furnace having a high temperature gradient, 
which is necessary to grow the large single crystal, is given. 

Some Anomalies in the Emission Spectrum of Crystallo- 
graphically Defined Monocrystalline Surfaces. ©. Masi. 
(Metal Ital., 1953, 45, Nov., 399-404). Part of the analytical 
error in the spectrographic analysis of alloys has not yet been 
accounted for satisfactorily. This applies particularly to 
those alloys which, though of similar composition, differ 
according to the mechanical treatment to which they have 
been subjected. The author attempts to identify systematic 
differences in behaviour in Cu-Al monocrystals in the alpha 
phase.—m. D. J. B. 

Effect of Cold Work on the y — « Transformation in Some 
Fe-Cr-Ni Alloys. B. Cina. (J. Iron Steel Inst., 1954, 177, 
Aug., 406-422). [This issue]. 

The Effect of Transformation and Thermal Contraction on 
the Quenching Stress of Steel. T. Sugeno and K. Sakamoto. 
(Tetsu to Hagane, 1950, 36, Feb., 61-71). [In Japanese]. 
Residual stresses were measured in cylinders of nickel-iron, 
and the variations of quenching stress with the methods of 
heat-treatment and alloy composition were studied. With 
low (16%) nickel alloy, transformation occurs in the viscous 
state at high temperature, and is not affected by * transforma- 
tion plasticity’. With high (26°,) nickel alloy, transforma- 
tion occurs in the elastic state at low temperature, and stress 
is reduced by the ‘ transformation plasticity ’. (26 references.) 

The Influences of C on the Cr—-W steel. K. Deguchi. 
(Tetsu to Hagane, 1950, 36, Feb., 54-60). [In Japanese]. 
Studies were made of the influences of carbon on the transfor-. 
mation point, the hardness and microstructure after water 
quenching, and the hardness after tempering. Phase dia- 
grams were constructed, showing the effect of carbon content 
on phase changes for 3%-Cr, 10%-W and 3%-Cr, 5%-W steels. 

The Isothermal Transformation of Austenite and the Distri- 
bution of Special Elements in Low Alloy Steels. A. Hultgren 
and Co-workers. (Rev. Mét., 1953, 50, Nov., 737-760 ; Dec., 
847-867). By means of TTT diagrams, micro-examination of 
the products of transformation, and X-ray and chemical 
analysis of electrolytically separated carbide residues, the 
transformations in ternary low and medium alloy steels and in 
ordinary steels containing silicon, manganese, phosphorus, 
and sulphur have been investigated. ‘The distribution of 
elements at equilibrium below the A, point, and in bainite 
and pearlite has also been determined. ‘The results obtained 
are discussed and hypotheses are advanced to account for 
them.—A. G. 

Influence of Stresses on Martensite Transformation. C. 
Crussard. (Compt. Rend., 1953, 287, Dec. 21, 1709-1711). The 
influence of stress is expressed in the generalized Clapeyson 
equation A M, = WT7',/L, where W is the energy of inter- 
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action, 7’; the temperature, and L varies with the steel con- 
sidered, being of the order of 1000 cal./mol. The overall dis- 
placement of the Mg point under homogeneous stress is given 
by the maximum algebraic value of the above expression and 
A Msg is of the order of 1-5° C./kg./sq. mm.—a. a. 

Electrical Measurements at High Temperatures as an Effi- 
cient Tool for Thermal Analysis. F. W. Glaser and D. Mosko- 
witz. (Powder Met. Bull., 1953, 6, Dec., 178-185). Appara- 
tus for the measurement of electrical resistivities of bar sample 
at temperatures up to 2000°C. is described. It can be 
adapted to phase diagram work.—R. A. R. 

Precipitation Processes in Copper-Iron Alloys. J. Reekie, 
T. S. Hutchison, and F. E. Hetherington. (Proc. Phys. Soc., 
1953, B66, Dec. 1, 1101-1112). The resistivity curves of iron- 
copper alloys can be explained in terms of ‘ coherent’ and 
‘incoherent ’ precipitates. Changes caused by cold working 
are compatible with the idea of ‘ locking-in’ of dislocation 
lines about precipitated particles of iron, at approx. 10-5 cm. 
distance apart (this agrees with Orowan’s theoretical predic- 
tions). At high degrees of cold working, dislocations are 
probably more predominant than vacancies in increasing 
resistance. (16 references).—kK. E. J. 

The Influence of the Internal Structure of Austenite on the 
Self-Diffusion of Iron. P. L. Gruzin, E. V. Kuznetsov, and 
G. V. Kudryumovy. (Doklady Akademii Nauk S.S.S.R., 
1953, 98, (6), 1021-1023). [In Russian]. When studying 
self-diffusion of iron in Fe—-Ni and Fe-Ni-C alloys it was 
noticed that for many alloys the exponential relationship 
between the coefficient of diffusion (D) and temperature (7’) 
was not valid in the temperature range 1000-1100° C. Since 
this phenomena was not observed in alloys of high carbon 
content, which on cooling to room temperature do not undergo 
the martensite transformation, the authors postulate that 
the anomaly is caused by surface diffusion along the intra- 
granular boundaries caused by phase transformations at lower 
temperatures. This view was experimentally confirmed by 
measurements of the coefficient of self-diffusion of iron in 
specimens containing : (1) Ni 19-8°, and C0-45°% ; and (2) 
Ni 24-6°% and 0-69°, C. Some of the specimens underwent 
the martensite transformation by cooling in liquid nitrogen. 
The coefficients of diffusion were determined at 900, 950, L000 
and 1100°C. Plots of log D against 1/7’ showed that only 
with those samples which had suffered the martensite trans- 
formation was there a hump in the curve. Although the 
austenite phase is reformed even below 700° C. the effect of 
previous transformations disappears only after heating to 

1000-1100° C.—-v. «@. 

The Determination of the Coefficient or Diffusion and Self- 
Diffusion During Plastic Deformation. ‘S. I. Gubkin and 8. A. 
Dovnar. (Doklady Akademii Nauk S.S.S.R., 1953, 98, (6), 
1025-1027). [In Russian]. A new method of determining 
the coefficients of diffusion and self-diffusion during plastic 
deformation of metals is described. The method does not 
require vacuum installations. For the protection of speci- 
mens during deformation from oxidizing by the surrounding 
atmosphere, metallic heat-resistant sheaths are used, which, 
together with the specimens pressed into them, undergo con- 
tinuous deformation throughout the diffusion treatment. 

Diffusion of Carbon in the Different Phases of Carbon Steel. 
M. Hillert and R. D. Sharp (Jernkontorets Ann., 1953, 187, 
(11), 785-790). [In Swedish]. Diffusion coefticents as estab- 
lished by Fick contain a term denoting the concentration of 
the atoms which diffuse. By substituting a new term repre- 
senting the chemical activity of the material, the diffusion 
coefficients become especially useful for comparing diffusion 
capacities in the various phases. Such new coefficients have 
been calculated to show the diffusion of carbon in ferrite and 
austenite.—G. G. K. 


CORROSION 


Corrosion Resistance. (Metal Ind., 1953, 88, Nov. 6, 386). 
A highly sensitive interferometer method for the evaluation of 
corrosion is described. An optically flat surface of the ma- 
terial to be examined is immersed to half its depth in the 
corrosive liquid. After washing and drying, the surface is 
covered by an optically flat piece of quartz, and the difference 
in levels between the corroded and original surfaces is indi- 
cated by an interference fringe pattern. Corrosion to a depth 
of as little as 1 or 2 ten-millionths of an inch can be detected. 
At certain pH values, swelling instead of corrosion was 
observed for quartz, opal, and brass in acid solutions.—p. Mm. c. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 








484 ABSTRACTS 


Fighting Corrosion. D. Rees. (Swansea Met Soc., Apr. 19, 
1952, 3-10). The author reviews the current methods of 
protecting iron from atmospheric corrosion. The painting of 
iron surfaces is considered with reference to the required 
paint properties, the best pigments, and the surface prepara- 
tion. Rust prevention by metallic coatings is discussed and 
the passive nature of stainless steels is dealt with.—L. 5. w. 

Some Processes Taking Place at the Metal-Water Boundary. 
F. Tédt. (Metalloberfldche, 1953, '7, Dec., a84-al85). The 
author discusses the behaviour of oxygen on the metal surface, 
and the pH value at the metal-solution interface.—t. pD. H. 

Three Accelerated Corrosion Tests for Materials and Finishes- 
8S. Tour. (Mat. Methods, 1953, 38, Nov., 110-113). Labora- 
tory equipment is described and illustrated for alternate con- 
densation-evaporation, wear, corrosion, and aerated sea water 
immersion tests. The condensation-evaporation is effected 
by passing the specimens, which are mounted on a turntable, 
through separate chambers to which are admitted moist corro- 
sive atmospheres on the one hand and warm dry air on the 
other. The wear-corrosion apparatus comprises a rotating 
disc covered by canvas and fed with a corrosive fluid ; against 
this are held the specimens being tested—p. M. c. 

Chemical Treatment of Ships’ Hulls. (Indust. Finishing, 
1953, 6, Nov., 260-262). An account is given of the develop- 
ment work leading to the adoption of a rust-proofing treat- 
ment proposed by the Walterisation Co. Ltd. for all new ships 
of the Clan Line. Excellent results have been shown over 
two years on the 8.8. ‘‘ Clan Sutherland.” The treatment 
consists of wire brushing application of Foscote R.S., two 
coats of ‘Impervo’ underwater composition, one coat of 
Graig’s Anti-Corrosive, and one coat of Graig’s tropical 
anti-fouling composition.—k. E. J. 

Centro di Studio per le Corrosioni Marine dei Metalli [Central 
Research Organization for the Study of the Marine Corrosion 
of Metals.] M. Raffo. (Ric. Sci., 1953, 28, Oct., 1771-1775). 
{In Italian]. The author describes work carried out by the 
‘** Centro ” in the period 1951-1953. 

Which Stainless Steel? R.E. Paret. (Mat. Methods, 1953, 
38, Dec., 98-101). The corrosion resistance of 12°,-Cr, 18/8 
Cr-Ni, 17°4-Cr, and 18/8 containing molybdenum steels is 
discussed. Selection considerations, based on both corrosive 
environment and proposed method of fabrication, are dealt 
with.—»P. M. C. 

Comparative Study of the Mechanism of Oxidation of Ferro- 
chrome, Ni-chrome and Nickel-Aluminium Binary Alloys. J. 
Moreau and J. Bénard. (Compt. Rend., 1953, 287, Nov. 30, 
1417-1419). Samples oxidized in air at temperatures between 
800° and 1300° C. were examined as polished sections and 
by X-ray diffraction. A mechanism is proposed to account 
for the presence of three regions which for a Cr—Ni alloy 
(5°, Cr) are: (a) A mixture of Cr,O, in pure nickel close to 
the metal surface ; (b) an intermediate biphase region of a 
spinel (Ni Cr,O,4) in a matrix of NiO ; and (c) pure NiO in 
contact with the atmosphere.—a. G. 

Crack Formation Caused by Stress Corrosion in Steel and 
Brass Alloys. E.R.Thews. (Metalloberfldche, 1953,'7, Nov., 
B174-B175). The phenomena associated with stress corro- 
sion cracking are described, with reference to their incidence 
in brass and steel alloys, and current view of the laws govern- 
ing the incidence of this type of cracking are critically 
surveyed.—t. D. H. 

Cathodic Protection Against Cavitation Corrosion. V. 
Foltyn. (Iron Steel Inst. T.M.S. 213, 1954). This is an 
English translation of a paper which appeared in Strojirenstvi, 
1952, 2, (9), 402-408, see J. Iron Steel Inst., 1953, 178, Apr., 
466. 

The Status of Fretting Corrosion. W.E. Campbell. (Amer. 
Soc. Test. Mat. : Sci. Lubrication, 1953, 5, Nov., 18-26 ; Dec., 
18-22). Fretting corrosion occurs at the contact surfaces of 
closely-fitting machine elements which are subject to vibra- 
tion ; it is not a true corrosion effect. It is initiated by 
mechanical action, and chemical action only follows when 
reaction with the environment is possible. A comprehensive 
survey is given of the factors which influence, or are thought 
to influence, fretting. It can be reduced, but not eliminated, 
by correct lubrication. The resistance of various materials is 
tabulated. Various suggested mechanisms are examined. 
Fretting corrosion appears to be due to the repeated making 
and breaking of cold-welded surfaces, accompanied by acce- 
lerated oxidation. A classification of wear-corrosion pheno- 
mena is given. The prevention of fretting and wear corrosion 
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depends on mechanical and lubrication factors ; suitable fluid 
and solid lubricants and surface treatments are described. 
(46 references).—k. E. J. 


ANALYSIS 


Methods of Preparation and Analysis of Samples of Very 
High Purity Iron. J. Talbot, P. Albert, M. Caron, and G. 
Chaudron. (Rev. Mét., 1953, 50, Dec., 817-828). Iron was 
prepared by electrolysis of a solution of ferrous chloride made 
by dissolving chemically pure iron in HCl. The thin sheets 
obtained were recrystallized above 900° C. in hydrogen with 
or without previous melting in hydrogen. Non-metallic im- 
purities were determined by micro-analysis, and the metals 
present by pile irradiation. Some properties of this high 
purity iron are given, and its use for the study of phenomena 
such as intercrystalline brittleness is mentioned.—a. G. 

A Method of Metallurgical Microspectroscopy. F. R. Bryan 
and C. H. Neveu. (Metal Progress, 1953, 64, Dec., 82-85). 
A drilling machine fitted with hardened tungsten steel drills 
ranging from 0-001—0-005 in. in dia. is used to obtain samples 
of material which are then analysed in a conventional spectro- 
meter. The drilling is observed by a microscope. Using a 
0-002 in. drill, the purity of a coating 0-003 in. thick could be 
determined. Examples of the use of this technique are given. 

A Solution Method of Spectrographic Analysis. S. Muir and 
A. D. Ambrose. (J. Iron Steel Inst., 1954, 177, Aug., 400-405). 
[This issue]. 

Absorptio-Photometric Determination of Aluminium in 
Steel. H. Arnfelt, 8. Freyschuss, and B. Rénnholm. (Jern- 
kontorets Ann., 1953, 187, (12), 819-826). [In Swedish]. 
After carrying out Wiberley and Bassets’ spectrophotometric 
analysis, using 8-quinolinol, the authors established that im- 
proved results were obtainable by carrying out extinction 
measurements at two different wavelengths. By measuring 
the optical density of chloroform extracts and 8-quinolinates 
at 3900 A and 4700 A, interference due to small quantities of 
iron was diminished. Results of several tests are tabulated 
and methods of separating sources of interference described. 

Review of Literature on Absorptio-Photometric Methods of 
Determining Aluminium, Especially in Iron and Steel. B. 
Rénnholm. (Jernkontorets Ann., 1953, 187, (12), 827-848). 
[In Swedish]. A comprehensive review, based on 91 refer- 
ences, deals with colorimetric methods of determining alumin- 
ium.—G. G. K. 

Photometric Determination of Phosphorus in Steel. N. 
Backstrém. (Jernkontorets Ann., 1953, 187, (12), 849-853). 
[In Swedish]. The Sandviken laboratories have used the 
following analytical methods for two years, applying it to all 
grades of steel. After decomposition of the sample in 
oxidizing acids, the solution is evaporated to fumes with 
perchloric acid. The iron is reduced in a heated solution with 
sodium sulphite and the phosphomolybdenum blue colour is 
produced at room temperature by adding ammonium molyb- 
date and stannous chloride. Maintenance of correct acidity 
is of prime importance. Photometric determination is then 
carried out using a Spekker absorptiometer and Ilford 608 
filters. Based on 550 analyses of known samples a standard 
deviation of + 0-001°, P has been calculated.—c. a. k. 

Electrolytic and Chlorinating Method for the Determination 
of Non-Metallic Inclusions in Steel. _The Electrolytic Deter- 
mination of Carbides in Steel. M. Sicha. (Hutnické Listy, 
1954, 9, (1), 2-11). [In Czech]. Equipment for the micro- 
analysis and separation of non-metallic inclusions, recently 
built at the Klement Gottwald Steelworks in North Moravia, 
is shown and its mode of operation described. Details of the 
methods of separation, analysis, and electron-microscopy as 
applied to MnO, MnS, FeS, and carbides occurring in plain 
and alloy steels are given. The methods described are suit- 
able for quality control in the plant, and for research into 
deoxidation and heat-treatments of steels.—p. F. 

Chemical Determination of Nitrogen in Cast Iron. H. J. 
Winkler and B. B. Bach. (Brit. CI. Res. Assoc., J. Res. Dev., 
1953, 4, June, 553-559). A standard method of determining 
the nitrogen contents of cast irons developed by the Brit. C.I. 
Res. Assoc. is described. The sample is dissolved in hydro- 
chloric acid and the residue is separated by centrifuging. The 
residue is then treated with sulphuric acid and potassium 
sulphate. Sodium hydroxide is added to the combined solu- 
tions, ammonia is separated from them by steam distillation 
and determined colorimetrically with Nessler’s reagent. 
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The Association’s Work on Gases in Cast Iron. B. B. Bach. 
(Brit. C.I. Res. Assoc., J. Res. Dev., 1953, 5, Oct., 38-40). A 
short account of work carried out by B.C.I.R.A. on the mea- 
surement of nitrogen, oxygen, and hydrogen in cast irons, is 
given.—B. G. B. 

Gas Analysis of Cast Iron Produced at Various Foundries. 
B. B. Bach. (Brit. C.I. Res. Assoc., J. Res. Dev., 1953, 5, 
Oct., 45-70). Samples of cast iron and pig iron have been 
taken at 12 industrial plants and the oxygen, hydrogen, and 
nitrogen contents determined. These results have been tabu- 
lated, together with other relevant data such as melting 
temperature, and type of furnace. Some tentative conclusions 
have been drawn.—B. G. B. 


Steelworks Analysis. J. O. Lay and K. Speight. (Metal 
Treatment and Drop Forg., 1953, 20, Nov., 560-562). The 
field of activity of the analytical section of B.I.S.R.A.’s Metal- 
lurgy (General) Division is outlined. This includes an in- 
vestigation into the performance of an H.F. pulse unit for 
spectrographic source improvement, methods for nitrogen 
determination, microchemical procedures, and extraction 
and determination of oxygen and hydrogen, using a new 
vacuum fusion apparatus, besides general analytical services 
to research projects in B.I.S8.R.A. and elsewhere.—P. mM. ¢ 

Rapid Analysis of T.Fe and TiO, in Sand Iron and T.Fe and 
As in Sinter by the H,PO, Method. T. Morimoto, H. Takizawa 
and M. Otake. (Tetsu to Hagane, 1953, 89, June, 626-632). 
{In Japanese]. In view of the increasing use of iron sand in 
Japan, rapid analytical procedures are described for deter- 
mining the total iron and TiO, in iron sand and the arsenic 
in sinter.—kK. E. J. 

Improved Method of the Gas Analysis of Iron and Steel. 
T. Fuwa. (Tetsu to Hagane, 1949, 35, July, 219-223). [In 
Japanese]. The gases are determined after fusion in a 
vacuum tube. P,O,; is used to absorb H,O, instead of using 
selective freezing methods. (12 references).—k. E. J. 

Improved Vacuum Furnace for the Analysis of Gases with 
Vacuum-Fusion Method. G. Hara. (Tetsu to Hagane, 1949, 
35, May, 142-147). [In Japanese]. A spiral carbon furnace 
satisfies most of the conditions required for vacuum fusion. 
It is capable of reaching 2000° C. at 2-4 kW. power consump- 
tion. Results are reported on various oxidation and reduc- 
tion reactions, graphite analysis, and rapid analysis of steel. 
(16 references).—k. F. J. 

Direct Volumetric Determination of Divalent Manganese 
with EDTA in Presence of other Metals. H. Flaschka. 
(Chem. Analyst., 1953, 42, Sept., 56-58). The titration is 
carried out in presence of an ammonia/ammonium- 
chloride buffer, using tartrate and ascorbic acid. The inter- 
ference of cobalt, zinc, cadmium, nickel, copper, and mercury 
is avoided by the addition of potassium cyanide. After the 
titration of manganese, formalin is added to react with the 
cyanide, and zinc or cadmium can then be titrated with 
EDTA (ethylenediamine tetra-acetic acid).—Rr. P. 

Determination of Iron in Metallurgical Products in Presence 
of Copper. J. Kinnunen and B. Merikanto. (Chem. Analyst., 
1953, 42, Sept., 62-63). Copper is removed by means of 
zine amalgam in hydrochloric acid solution and the ferrous 
iron is then titrated with standard ceric sulphate solution, 
using ferroin as indicator.—R. P. 

Colorimetric Determination of Boron with Sodium Alyzarin- 
sulphonate. R. Fernandez Cellini and F. Alvarez Gonzales. 
(Anal. Fis. Chim., 1954, 50B, Jan., 59-70). [In Spanish]. 
The reagent proposed by Dickinson, 7.e., sodium alyzarinsul- 
phonate, has advantages in determining very small amounts 
of boron. The boric acid is extracted by distillation in a 
closed circuit as methylboriec ester. Many,tests on different 
ores and reagents show that the minimum amount of boron 
detectable is 0-1 p.p.m.—R. A. R. 

Simple Tests for Identifying Some Alloys. (Nickel Bull., 
1953, 26, Apr., 48 ; Machinery, 1953, 88, Dec. 11, 1165-1166). 
A number of simple testing procedures for the identification of 
certain common metals and alloys are described. It is shown 
how the reactions to magnetic and various acid tests enable 
the segregation of Nimonic alloys, copper nickel alloys, 
chromium-nickel stainless steel, Monel, ordinary steel, cast 
iron, and nickel to be carried out extremely quickly.—. A. K. 

The Separation and Determination of Tungsten and 
Molybdenum with Calcium Chloride. A. de Sousa. (Anal. 
Chim. Acta, 1954, 10, Jan., 29-33). After alkali fusion, 
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tungsten and molybdenum are precipitated with calcium 
chloride, filtered, and decomposed with concentrated hydro- 
chlorie acid. Calcium tungstate leaves a precipitate of tung- 
stic acid which is calcined to constant weight of WO,. The 
filtrate is made alkaline and boiled, thus reprecipitating cal- 
cium molybdate ; the latter is filtered on a weighed crucible 
and calcined to constant weight. The method applies to 
molybdenum minerals and steels, but for the latter an acid 
attack is advisable before fusion. Iron is eliminated after 
fusion ; vanadium and manganese do not interfere. (22 
references).—R. P. 

A Recording A.C. Polarograph. G. 
Werner. (Australian J. Chem., 1953, 
The electrical circuit of this instrument is described 
advantage over D.C. polarography intimated.—R. P. 

Calculation of Integrated Intensities in Spectrographic 
ag egy oe J. K. Hurwitz. (J. Opt. Soc. Amer., 1954, 
44, Jan., 30-34). The change in integrated intensity, oceur- 
ring when a spark traverse is made across a region in which 
a very high concentration exists, has been calculated. The 
theory which was developed accounted for the effect of sparked- 
spectrograph and microphotometer slit lengths, 
‘amera speed to the sample speed. 


Buchanan and R. Le 
4, Nov., 439-442). 


and its 


volume size, 
and for the ratio of the « 

On the Determination of Oxygen of Al.O, and Cr.O, in Steel 
by a Carbon Spiral Vacuum Furnace. T. Onaka and T. Saito. 
(Tetsu to Hagane, 1950, 36, Mar., 115-124). [In Japanese]. 
In a furnace operating at 2300° C., it was shown that oxygen 
could not be completely removed from Al,O, and Cr,O, pow- 
ders by vacuum fusion. However, it appeared possible to 
remove completely the oxygen contained as Al,O, in steel 
samples.—k. E. J. 

Determination of Pentavalent Vanadium in Oxalate Solution 
and in the Presence of Trivalent Iron and Divalent Copper, by 
Means of the Dropping Mercury Electrode. G. de Angelis and 
N. Carugno. (Ric. Sci., 1953, 28, Sept., 1593-1602). [In 
Italian]. 

Study on the Rapid Analysis of Lime in Basic Slags. T. 
Ikegami, T. Matsuo, and J. Yamaguchi. (Tetsu to Hagane, 
1950, 86, Feb., 71-74). [In Japanese]. In view of the 
scarcity of tartaric acid, a method was evolved in which cal- 
cium oxalate is precipitated, tartaric acid not being used. 
Lime can be determined in 10 min. in blast-furnace and open- 
hearth slag, with an accuracy of + 1°,.—K. E. J. 


HISTORICAL 
Birth of an Industry. A. C. Bining. (Steelways, 1953, 10, 


Feb., 12-15). The author traces the history of iron and steel 
making from primitive times (4000 B.C.) to the XVIIth 
century.—L. E. W. 

Southern Merchant Pig Iron. M. L. Carl. (Req. Tech. 
Meet. Amer. Iron Steel Inst., 1952, 325-331). The author dis- 
cusses the history of pig-iron aaleaioa in Southern U.S.A. 
and traces the development of the industry to its present-day 
level.—a. F. 

Adolf Martens: A Pioneer of Metallography. I. N. Simons. 
(Brit. Steelmaker, 1954, 20, Jan., 22-23). <A brief review is 
given of the career of Adolf Marte ns (1850-1914), the German 
pioneer of metallography after whom the steel constituent 
‘martensite’ was named by Osmond. Marten’s work at 
what is now the Materialpriifungs-Anstalt, Dahlem, Germany, 
is outlined.—c. F. 

Osmond—-Creator of Metallography. A. Portevin. 
Metalurgica, 1952, 8, Dec., 397-404). [In “ean 

Otto Petersen. (Stahl u. Eisen, 1954, 74, Jan. 14, 65-71). 
The proceedings are reported of a meeting he sd in the Eisen- 
hiittenhaus, Diisseldorf, in memory of Dr. O. Petersen (born 
1874, died Dec. 27, 1953).—,. P. 

A Brief History of the Foundry. R. Dupuis. (Associa- 
zione Italiana di Metallurgia, Collana Tecnica 4, 1953). [In 
Italian]. This 8l-page booklet presents a brief history of the 
art of melting metals and casting. The first chapters trace its 
evolution from prehistoric times up to the Middle Ages. Then 
comes a description of the great progress made during the 
Renaissance with an analysis of V. Biringuccio’s work. Finally, 
the development of the cupola and modern foundry techniques 
are discussed and a chronology (1794 to 1948) relating to the 
cupola is presented. (20 references).—R. A. R. 
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ECONOMICS AND STATISTICS 


British Iron and Steel Industry in 1958. (Engineer, 1954, 
197, Jan. 1, 27-28; Jan. 8, 66-68). A detailed account is 
given of the principal events in the British iron and steel 
industry during 1953. Starting with the release from national- 
isation and the formation of the Iron and Steel Board, the 
article goes on to describe outputs and supplies, iron and steel 
prices, development programmes and the development work 
carried out in 1953. New plants and the B.I.S.R.A. Labora- 
tories in Sheffield are also described.—xm. D. J. B. 

Modernisation and Expansion of German Steel Industry in 
Progress. (Metal Bulletin, 1953, Nov. 17, 13). The rehabili- 
tation of the German steel industry since 1945 is briefly re- 
viewed. Plans in hand involve capital expenditure of at 
least £200,000,000 and by 1955 many plants will have been 
re-equipped when the steel capacity is likely to reach 20 
million metric tons per year—t. E. w. 

Steel Production in Our Western Empire. W. J. McClung. 
(Reg. Tech. Meet.. Amer. Iron Steel Inst., 1952, 165-177). A 
brief history of iron and steel production in Western U.S.A. 
is given, with an outline of the present works, their produc- 
tion, and projected development.—c. F. 





MISCELLANEOUS 


British Advances in Metals, Fabrication Methods and Appli- 
cations. T. Bishop. (Metal Progress, 1954, 65, Jan., 101- 
104, 188-190). Some of the latest trends in Great Britain in 
the treatment and use of metals, are discussed. These include 
the production of a high-strength steel containing molyb- 
denum and boron, the operation of a planetary mill for the 
hot rolling of low-carbon steel, automatic control of the gauge 
of steel strip, lubrication during wire-drawing, and the produc- 
tion of cast milling cutters.—s. Gc. B. 

Metallurgical Activities in Japan. D. J. Murphy. (Metal 
Progress, 1954, 65, Jan., 67-71). A short account of research 
work carried out in Japan in the wartime and post-war periods, 
is given. The subjects include fundamental research at 
Tohoku University, utilization of low grade materials, con- 
serving scarce alloying elements and measurement of the gas 
content of steels.—s. G. B. 

The Work of Research Institutes of the Academy of Science 
of the U.S.S.R. in the Field of Metallurgical Physical Chemistry. 
M. Smialowski. (Hutnik, 1954, 21, (1), 2-6). [In Polish]. A 
short survey of Soviet research work on flotation, theory of 
crystallization and recrystallization, influence of surface active 
substances on plastic deformation, and the corrosion of metals 
is given.—v. G. 

Industrial Process Water Symposium. (Indust. Eng. Chem., 
1953, 45, Dec., 2647-2688). The following papers were in- 
cluded in this symposium. 

wa Water Pollution Act. 

2652). 

California Water Pollution Control Program. W. T. 

Hannum. (2652-2655). 

Ohio River Valley Water Sanitation Compact: Billion- 

Dollar River Cleanup Job. E.J.Cleary. (2656). 

Water Quality Related to Water Pollution in California. 

Le W. Bacon, G. B. Gleason, and I. W. Walling. (2657- 

665). 

Ground Water and Used Water in Basin Recharge Areas. 

R. A. Shafer. (2666-2668). 

Improving the Quality of Water Resources. 

Warrick. (2669-2672). 





C. E. Schwab. (2648- 


A 


Waste Disposal in the Los Angeles Area. A. M. Rawn. 

(2677-2679). 

Industrial Wastes. H.R. Murdock. (Indust. Eng. Chem., 
1953, 45, Dec., 994-102A). Data, condensed from several 
surveys, are presented for the toxicity to fish of compounds 
(including the cations of the normally-found metals) present 
in common industrial waste waters.—kK. E. J. 

Method of Joining Metal Pipe to Glass Tubing. R. G. Nester. 
(Rev. Sci. Instruments, 1954, 25, Jan., 94-95). Metal pipe is 
joined to glass tubing by the use of Teflon tetrafluoroethylene 
resin.—L. D. H. 

Ten Practical Uses of Statistical Quality Control in Metal- 
lurgical Plants. J. W. Hood. (Metal Progress, 1953, 64, 
Nov., 82-88). Ten examples are given of ways in which 
statistical examination of data obtained from a metallurgical 
plant engaged in mass production work can be of use in im- 
proving the efficiency of the operations.—R. G. B. 

Some Applications of Statistical Analysis in the Steel 
Industry. J. W. W. Sullivan. (Metal Progress, 1953, 64, 
Dec., 91-98). The control of variability in steel technology 
on the basis of information revealed by statistical examina- 
tion of data, is discussed. Three examples of the use of the 
method are cited. These are in the production of galvanized 
wire, the protection of steel from rusting by oil, and the 
evaluation of the hardenability of steels.—s. G. B. 

Automatic Control. Tavernier. (Centre. Doc. Sid., Circ. 
Inform. Tech., 1953, (2), 303-310). The functions of auto- 
matic control are briefly outlined together with a classification 
of instruments according to mode of action or motive fluid 
utilized. Simple on-off and proportional regulators are com- 
pared. If £ is the value to be controlled at time t, the regu- 
lation may be proportional to E, fEdt, dE/dt, or d?E/dt* 
The rapidity of response and stability of regulation for these 
different systems are compared. Finally various instruments 
operated hydraulically, pneumatically, and by electricity are 
described.—a. G. 

Utility of Isotopes in Metallurgy. H.C. Boynton and A. D. 
Kirshenbaum. (Steel, 1953, 188, Nov. 9, 130-133). The uses 
in metallurgy of radioisotopes are listed and briefly described. 
They may be used as tracer elements or sources of radiation 
for rapid and accurate determination of oxygen in steel, 
thickness gauges, estimation of wear, observation of diffusion, 
etc.—D. L. C. P. 

An Architect’s Approach to the Design and Layout of 
Modern Iron and Steel Works. H. Boddington. (Iron Coal 
Trades Rev., 1954, 168, Jan. 8, 83-89; Jan. 15, 131-138). 
The author discusses the planning and co-ordination required 
in the design and layout of new steelworks and in the recon- 
struction of existing works. Some of the problems involved 
are reviewed from the architect’s viewpoint, and attention is 
given both to the development of ‘ green field ” sites and to 
the adaption and modernization of existing steelworks. 
Finally, the design of the amenities and ancillary buildings in 
steelworks is considered, and examples from modern British 
works are described and illustrated.—c. F. 

Keeping Steel a Dynamic Industry. H. G. Batcheller. 
(Reg. Tech. Meet. Amer. Iron Steel Inst., 1952, 115-128). The 
author discusses some of the government, labour, financial, 

and technical problems which are likely to be met in the 
future because of the ever-increasing demand for steel.—c. F. 

Pure and Applied Science in Metallurgy. C.S. Smith. (Reg. 
Tech. Meet. Amer. Iron Steel Inst., 1952, 11-20). The author 
considers the place of metallurgy in the scientific field, with 
particular emphasis on metallurgical research in universities, 
in industry, and on a co-operative basis.—c. F. 


BOOK NOTICES 


GREEN, A. T., and GeraLp H. Stewart (Editors). “‘ Ceramics. 
A Symposium.” La. 8vo, pp. xix + 877. Illustrated. 
Stoke-on-Trent, 1953: The British Ceramic Society. (Price 
45s. to Members; 65s. to Non-Members). 

This volume was prepared to mark the occasion of the 
Jubilee, in 1950, of the British Ceramic Society. Having 
read the foreword by Dr. A. T. Green, who has been eminent 
in the field of ceramics for so many years, a glance at the 
list of authors is sufficient to convince the reader that this 
Symposium is truly authoritative. 

The work consists of 29 chapters, all written by specialists 
in the particular branch concerned. The contributions are 
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grouped under four headings: (1) General, (2) Pottery, 
(3) Refractories, and (4) Heavy Clay Wares, a useful list 
of references being given at the end of each section. 

The following comments are confined to Sections (1) and 
(3) since they contain most of the information of particular 
interest to the steel industry. 

From the point of view of the refractories technologist 
the Symposium provides confirmation of the great advances 
in this field of ceramics during the last 50 years. Comment 
must necessarily be confined to articles of direct interest 
and has to be general in character. 

After a section by Keeling on geology which might have 


AUGUST, 1954 








reve 
far 3 
by a 
by I 
prot 
of p 
Hok 
beer 
ship 
beer 
rese 
son 
X-re 
patt 
Van 
the 
heat 
pict 
diffe 
thes 
mor 
Sect 
the 
T 
Sect 
‘silic 
for 
higl 
mat 
mat 
sup) 
sery 
det 
clos 
refr 
mag 
real 
Oxi 
T 
is p 
rest 
the 
une 
rev! 
me} 
tior 
mel 
all : 
pol 
inst 
mir 
less 
by 
dis 
altl 
the 
ins 
onl 
for 
aut 
con 
Cle 
ade 
pro 


AMER 


ATK 


AUC 





Rawn. 


Chem.., 
several 
pounds 
present 


Nester. 
pipe is 
hylene 


Metal- 
3, 64, 
which 
urgical 
in im- 


Steel 

’ ’ 
ology 
mina- 
of the 
unized 
d the 


Cire. 
auto- 
‘ation 

fluid 
com- 
regu- 
'E/dt* 
these 
nents 
y are 


ACAD: 
uses 
ibed. 
ation 
steel, 
sion, 


t of 
Coal 
138). 
iired 
con- 
lved 
mn is 
d to 
rks, 
sin 
tish 


ler. 
The 
‘ial, 
the 
- F. 
beg. 
hor 
ith 
ies, 


ist 








NEW PUBLICATIONS 


revealed more appreciation of present-day knowledge so 
far as refractories are concerned, the balance is redressed 
by an admirable dissertation on the mineralogy of silicates 
by Brindley and McEwan, wherein chaos is turned to order 
probably for the first time. It is unfortunate, in these days 
of precision casting and special cast refractory shapes, that 
Holdridge’s contribution on colloidal properties should have 
been confined to clay. White’s section on phase relation- 
ships in ceramics reveals a breadth of knowledge which has 
been in recent years responsible for raising fundamental 
research on refractory material to a higher plane. Richard- 
son presents an adequate summary on the value of the 
X-ray powder technique; it is interesting to note that the 
patterns shown are of the Bradley-Jay, not the modern 
Van Arkel type, and hence are more easily appreciated by 
the ‘ old school.” Hyslop’s contribution on the action of 
heat on clays is a disappointment in that a short, confused 
picture is presented. It can only confuse the student by 
differentiating between gamma-alumina and “ spinel ’’; 
these are one and the same, whether kaolinite or mont- 
morillonite is dehydrated. The final article in the General 
Section by Dodd on the forms of silica is useful in clarifying 
the results of modern work on this subject. 

There are no fewer than 12 articles in the Refractories 
Section proper. The first of these, by Clews on alumino- 
‘silicates, is somewhat disappointing in that it is notable 
for omissions of very important modern products such as 
high-alumina and “‘ super-duty ” firebricks and monolithic 
materials. The continued emphasis on highly-grogged 
material is not in keeping with present-day conditions of 
supply. Lynam, on the other hand, performs a very useful 
service for the silica-brick industry in an authentic and 
detailed account of modern methods of production. The 
closing sentence of Dodd’s paper on raw materials for basic 
refractories—the reference to an infinite supply of sea-water 
magnesia—is welcomed as revealing that there is some 
realization that the future of basic refractories lies with this 
oxide. 

The detail given in Rigby’s account of his work on spinels 
is probably justified in that there is an impression that his 
results have not been appreciated abroad, particularly in 
the U.S.A. The evidence from other fields of the results of 
unequal diffusion rates is interesting and new to the 
reviewer. The opening of Parnham’s paper on the develop- 
ment of chrome-magnesite bricks rests on insecure founda- 
tions and could well have been omitted. Two errors may be 
mentioned: The conclusions given on pp. 518-519 do not 
all stem from the work quoted, while on p. 525 the melting 
point of dicalcium ferrite is wrongly given as 1765° C. 
instead of 1436°C. The method for determining the 
mineralogical constitution of dead-burned magnesite is much 
less “‘ tentative ’’ than the author imagines. After a section 
by Archibald and Smith on super-refractories, Oliver 
discusses the development of insulating bricks. This paper, 
although well written, suffers by virtue of its wide scope; 
the lack of attention to recent trends in high-temperature 
insulation may be due to the fact that progress up to 1950 
only was to be recorded. Chester’s article on refractories 
for steel manufacture is surprisingly short, but reveals the 
author’s rightful concern with furnace design and with the 
conception of a refractory as a ‘‘means to an end.” 
Clements’ two papers on thermal properties and testing 
adequately round off an imposing section on refractories 
progress. 
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The section on Refractories would have been improved 
by the inclusion of an adequate summary of the very 
considerable amount of work which has been carried out 
on the constitution of, and liquid formation in, basic 
refractories. This work has contributed to the better under- 
standing of the various aspects of basic refractories, such 
as raw materials, manufacture, and behaviour in service. 
Since it is essentially a British contribution, some reference 
to it should have been included in this very important work 
on Ceramics. 

On account of its comprehensive and authoritative nature 
all interested in ceramics should possess a copy of this book 
in their library.—J. H. Rarr. 


“The Story of Shotts.’’ 8vo, pp. vii 


Murr, AUGUSTUS. 
Edinburgh, 1954: The Shotts [ron Com- 


80. Illustrated. 
pany, Ltd. 

The Shotts Iron Company was founded in 1801, in @ 
bleak, sparsely wooded, partly marshy part of Scotland 
under which lay, near the surface, millions of tons of coal 
and ironstone. Not far away was the famous Blackband 
ironstone, and by the time the Company began to exploit 
this, in 1836, after a few years earlier adopting Neilson’s hot- 
blast, the Shotts products were known all over the world, 
as pig iron in the United States and Canada, as machinery 
castings in Tasmania, Venezuela and Brazil. Coalmining 
went hand in hand with blast-furnace practice, and the 
company prospered through the numerous ups and downs 
of trade throughout the XIXth century ; the manufacture 
of iron suitable for the Bessemer process was undertaken 
though the price of hematite ore dropped sharply soon 
after a long-term contract for its supply had been signed. 
With the turn of the century, the company passed, like 
many others, through a period of depression, but it was 
weathered, and further technical advances were made: a 
new briquetting plant for fine ores for the blast-furnace, a 
new central power station so that the collieries could em- 
ploy coal-cutting machines. This forward-looking policy 
carried the company through the Great War and the 
subsequent disturbed period ; though in 1926 the furnaces 
were blown out, they were re-lit after the Coal Strike, and 
eventually, closed pits were re-opened—a further period of 
difficulty, with restrictions of output and rising costs of 
production, was passed through. The Company produced 
to its utmost during the 1939-45 war : while the production 
of other Scottish collieries dropped by 30°,, the Shotts 
Company produced more in its last six years, than in any 
other half-dozen of its history; but the seams were thinning 
out and becoming inaccessible. The plans for expansion 
into the Fife and Lothian areas, passed, with the nationaliza- 
tion of coal, from the Shotts Company to the National Coal 
Board ; so also passed the foundry, a complete unit making 
both iron and brass castings for the mining industry. Only 
the blast-furnaces remained to the Company and reluctantly, 
but inevitably in the face of a loss of thirty shillings per ton 
of iron produced, the last furnaces in the world to work on 
bituminous coal were blown out and allowed to fall derelict. 

Mr. Muir, to whom the task of writing the history was 
given by the Joint Liquidators, has made an excellent job 
of it—a book which is both detailed and coherent, which 
gives full credit to all the men who, at various levels and at 
various times, carried on this great Company for 147 years, 
and which will also commemorate for ever the great days 
of the “‘ Scotch Pig Iron ” trade.—4. P. s. 
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AMERICAN SocreTy FoR TESTING MaTeRIALs. ‘‘ Symposium 
on Porcelain Enamels and Ceramic Coatings as Engineering 
Materials.’’ Presented at the 56th Annual Meeting of the 
Society, Atlantic City, N.J., July 2, 1953. (Special 
Technical Publication No. 153). 8vo, pp. 122. Phila- 
delphia, Pa., 1954: The Society. (Price $1.85) 

AMERICAN Society ror Testine Mareriats. ‘“[A.S.7.M.] 
Specifications and Tests for Electrodeposited Metallic 
Coatings.”” Sponsored by American Society for Testing 
Materials and American Electroplaters’ Society. 8vo, 
pp. vii + 85. Illustrated. Philadelphia, Pa., 1953: The 
Society. (Price $1.85) 

Atkins, W. A. ‘“ Practical Sheet and Plate Metal Work.” 
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By the late E. Arthur Atkins; 6th edition by W. A. 
Atkins. 8vo, pp. ix + 498. Illustrated. London, 1954: 
Sir Isaac Pitman and Sons, &td. (Price 20s.) 

Baitey, A. R. ‘ A Text-Book of Metallurgy.” 8vo, pp. viii 
+ 560. Illustrated. London, 1954: Macmillan and Co., 
Ltd. (Price 30s.) 

BirMINGHAM MeEtTaLLurRGICAL Society. ‘Golden Jubilee 
Issue of the Journal, 1903-1953.” La. 4to, pp. xxxil + 
277. Illustrated. Birmingham, [1954]: The Society. 

British STANDARDS InstiITUTION. B.S. 1121: Part 13: 1954. 
‘* Methods for the Analysis of Iron and Steel.” Part 13. 
“Chromium in Iron and Steel.”’ 8vo, pp. 8. London, 
1954: The Institution. (Price 2s.) 
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BritisH StanDARDS InstiTuTION. B.S. 1121: Part 30: 1954. 
** Methods for the Analysis of Iron and Steel.” Part 30. 
“Cobalt in Iron and Steel (Absorptiometric Method).” 
8vo, pp. 7. London, 1954: The Institution. (Price 2s.) 

British STANDARDS INSTITUTION. B.S. 1121: Part 31: 1954. 
“ Methods for the Analysis of Iron and Steel.” Part 31. 
“Silica in Blastfurnace Slag.” 8vo, pp. 6. London 
1954: The Institution. (Price 2s.) 

BRITISH STANDARDS InstiTuTION. B.S. 2094: Part 5: 1954. 
“Glossary of Terms Relating to Iron and Steel.” Part 5. 
** Bright Steel Bar and Steel Wire.” 8vo, pp. 13. London, 
1954: The Institution. (Price 2s. 6d.) 

BRUCKNER, WALTER H. “ Metallurgy of Welding.” 8vo, pp. 
xii + 290. Illustrated. London, 1954: Sir Isaac Pitman 
and Sons, Ltd. (Price 30s.) 

Coxon, WiLFRED F. (Editor). ‘“‘ Industrial Finishing Year 
Book, 1954.” 8vo, pp. 442. Illustrated. Watford, Herts, 
1954: Arrow Press, Ltd. (Price 15s.; free to subscribers 
to ‘‘ Industrial Finishing ’’) 

Furstenav, Hernricnw. ‘ Vom 
Stahl.” 2., erw. Aufl. 8vo, pp. 152. 
nover, 1954: Werner Degener Verlag. 
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* Forschungsergebnisse tiber das Beizen von Blechen.” Forsch- 
ungsberichte des Wirtschafts- und Verkehrsministeriums 
Nordrhein-Westfalen Nr. 43. 8vo, pp. 41. K6ln, Opladen, 

(Price (als Ms. gedruckt) 


1953 : Westdeutscher Verlag. 
DM 11.30) 

NaTIoNAL Bureau oF Stanparps. “ Energy Transfer in 
Hot Gases.’ Proceedings of the N.B.S. Semicentennial 
Symposium on Energy Transfer in Hot Gases held at the 
N.B.S. on September 17 and 18, 1951. National Bureau 
of Standards Circular 523. 8vo, pp. iv + 126. Illus- 
trated. Washington, D.C., 1954: U.S. Government 
Printing Office. (Price $1-50) 

NatTionNaL BurEAU OF STANDARDS. “ Characteristics and 
Applications of Resistance Strain Gages.” Proceedings 
of the N.B.S. Semicentennial Symposium on Resistance 
Strain Gages Held at the N.B.S. on November 8 and 9, 
1951. National Bureau of Standards Circular 528, 
Issued February 15, 1954. 8vo, pp. iv + 140. Illus- 
trated. Washington, D.C., 1954: U.S. Government 
Printing Office. (Price $1-50) 

ORGANISATION FOR EvrRoPEAN Economic 
‘“* Boron Steels, Production and Use.’ Technical Assist- 
ance Mission No. 124. 8vo, pp. 140. Illustrated. Paris 
[1954] : Organisation for European Economic Co-opera- 
tion. (Price 12s.) 

* Quin’s Metal Handbook, 1953.” 
tion. Obl. 32mo. pp. 785. 
Bureau, Ltd. (Price 25s.) 

Ripprnovucn, M. “ Rechargement Dur par Soudage.’’ Tra- 
duit de Anglais par L. Mendel. 8vo, pp. x + 158. 
Illustrated. Paris, 1954: Dunod. (Price 1110 fr.) 


CO-OPERATION. 


Fortieth Year of Publica- 
London : Metal Information 
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Ris, W. 8S. “ Betrieb der Hochofengebldse.”’ 8vo, pp. 260. 
Illustrated. Berlin, 1953: V.E.B. Verlag Technik, 
(Price DM 15.-) 

Rossi, Bontrace E. ‘“ Welding Engineering.” 8vo, pp. 
760. Illustrated. London, 1954 : McGraw-Hill Publish- 
ing Co., Ltd., (Price 64s.) 

Scuotrky, H. ‘“ Praktische Metallprifung.” 
graphischen Priifverfahren und ihre Anwendung. 
pp. 232. Illustrated. Braunschweig, &c., 
Georg Westermann Verlag. (Price DM 16-80) 

SepLaczEK, Hersert. ‘“‘ Das Walzen von Edelstahlen.” 
(Stahleisen—Biicher Band 11). 8vo, pp. xii + 246. 
Illustrated. Dusseldorf, 1954 : Verlag Stahleisen m.b.H. 
(Price DM 26.-) 

SHIMKIN, D. B. ‘‘ Minerals—A Key to Soviet Power.” Pp. 
vii + 452. Cambridge, Mass., 1953 : Harvard University 
Press. (Price $8) 

“ §.A.E. Production Forum.” Discussions at the Production 
Forum of the 1953 S.A.E. National Tractor Meeting, 
Milwaukee, Wisconsin, September 14 through 17, 1953 
(SP-303). La. 4to, pp. 26. New York, 1953 : Society 
of Automotive Engineers. 

** Standardliste Eisen und Stahl.” Herausgegeben vom 
Ministerium fiir Schwerindustrie. 11 x 7} in. (loose- 
leaf). Berlin, 1953: Verlag der Wirtschaft. (Price 
46s.) 

** Stavanger Staal.” 8vo,loose-leaf. Illustrated. Jérpeland, 
Norway [1954]: Stavanger Electro-Staalverk A.S. 

** Steel in South Africa.”’ Published on the occasion of the 
Silver Jubilee of the South African Iron and Steel Indus- 
trial Corporation, Limited. Folio, pp. xiv + 214. 
Illustrated. Pretoria, 1953 : The Corporation. 

STEINKE, Hans. ‘‘Schweissen und Brennschneiden.” Pp. 
249. Illustrated. Leipzig, 1953: Fachbuchverlag 
G.m.b.H. (Price DM 8-50) 

“ Tafeln zur Ermittlung der Brinellhdrte.” Bearb. von N, 
Ludwig. Hrsg. vom Deutschen Verband fiir due Material- 
priifungen der Technik. 8vo, pp. 31. Berlin, Koln, 
1952 : Beuth-Vertrieb. (Price DM 3.—) 

Tuompson, Henry. “ Microscopical Techniques in Metal- 
lurgy.” 8vo, pp. xii + 146. Illustrated. London, 1954 : 
Sir Isaac Pitman and Sons, Ltd. (Price 18s.) 

Van Royen, WituiAM, and OLIvER Bow Les (Editors). 
‘“ The Mineral Resources of the World.” (Atlas of the 
World’s Resources, Vol. II.) 12 x 15 in., pp. ix + 181. 
Illustrated. New York, 1952: Prentice-Hall, Inc. 
London, Constable and Co., Ltd. (Price 70s.) 

Wotrre-Ropf, Karu. ‘ Ubersicht tiber die LEisen- und 
Stahlwerke in den Landern der Montan-Union.”” Zusam- 
mengestellt, bearbeitet and herausgegeben unter Mit- 
wirkung der Wirtschaftsvereinigung Eisen- und Stahl- 
industrie. Pp. 485. Frankfurt/Main, Wirtschafts- 
dienst Verlag und Druckerei, G.m.b.H. (Price DM 35.—) 
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